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Introducing  premeasured,  premixed  DuoNe 

Ifs  the  first  and  only  one-step  dual-therapy  nebulizer  solution 
for  COPD,  with  improved  efficacy  over  albuterol  or  ipratropium 
alone — and  no  increased  safety  risk.' 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one 
bronchodilator.  In  a  1 2-week  clinical  study,  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

Albuterol  sulfate  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympathomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 

Please  see  following  page  for  prescribing  information. 
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Vial  Contains:  0.5  mg  Ipratropium  Bromide 

3.0  mg  Albuterol  Sulfate 

(equivalent  to  2.5  mg  Albuterol  Base) 
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DuoNebTM 

(Ipratropium  Bromide  0.5  mg/Albuterol  Sulfate  3.0  mg") 

Inhalation  Solution 

•Equivalent  to  2.5  mg  albuterol  base 

BRIEF  SUMMARY  OF  PRESCRIBING  INFORMATION 

INDICATIONS  AND  USAliE  „,       .,    . 

Dii.fl':i     Hi"  .iini  loi  the  Ireatmem  ol  bronchospasm  associated  witti  COPD  in  patients  requinng  mote  man 

one  broitclKnliUloi 

CONTRAINDICATIONS  _  ... 

DuoNet)  IS  coniramdicaied  in  patients  witli  a  hisloty  o(  hypersensitivity  to  any  ol  Its  components,  or  to  atropine 

and  Its  derivatives 

WARNINGS 

Paradoxical  Broncliospasm:  In  the  clinical  study  ol  OuoNeb.  paradoxical  bronctiospasm  was  not  observed 
However  paradoxical  bronchospasm  has  been  observed  with  both  inhaled  ipratropium  bromide  and  albuterol 
products'  and  can  be  lile-threatening  If  this  occurs,  DuoNeb  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

Do  Not  Exceed  Recommended  Dose:  Fatalities  have  been  reported  in  association  with  excessive  use  ol  inhaled 
products  containing  sympathomimetic  amines  and  with  the  home  use  ol  nebulizers 
Cardiovascular  Ellecl:  OuoNeb,  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  significant  cardio- 
vascular effect  in  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms  Although  such 
effects  are  uncommon  lor  DuoNeb  at  recommended  doses,  if  they  occur,  the  drug  may  need  to  be  discontin- 
ued In  addition  beta  agonists  have  been  reported  to  produce  ECG  changes,  such  as  ((attenmg  of  the  T-wave, 
prolongation  of  the  QTc  interval,  and  ST  segment  depression  The  clinical  significance  of  these  findings  is 
unlinown  Therefore,  DuoNeb.  like  other  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension 
Immediate  HypeRensillvlty  Reactions:  Immediate  hypersensitivity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administration  of  DuoNeb  as  demonstrated  by  rare  cases  of  urticaria,  angioedema, 
rash,  pruntus,  oropharyngeal  edema,  bronchospasm,  and  anaphylaxis 
PRECAUTIONS 
General 

1  Fffects  Seen  with  Svmnafhomimefic  Druos:  As  with  all  products  containing  sympathomimebc  amines, 
OuoNeb  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency, 
cardiac  arrhythmias,  and  hypertension:  in  patients  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus  and  in  patients  who  are  unusually  responsive  to  sympathomimetic  amines  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis  Additionally,  p-agonists 
may  cause  a  decrease  in  serum  potassium  in  some  patients,  possibly  through  intracellular  shunting  The 
decrease  is  usually  transient,  not  requinng  supplementation. 

2  Effects  Seen  with  Anticholinergic  Drugs  Due  to  the  presence  of  ipratropium  bromide  in  DuoNeb.  it  should  be 
used  with  caution  in  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy,  or  bladder-neck  obstruction 

3  Use  in  Hepatic  or  Renal  Diseases,  DuoNeb  has  not  been  studied  in  patients  w«b  hepabc  or  renal  insufficiency. 
It  should  be  used  with  caution  in  these  patient  populations 

Inlomiation  lor  Patients  ,         ,    , 

The  action  of  DuoNeb  should  last  up  to  5  hours  DuoNeb  should  not  be  used  more  frequently  than  recom- 
mended Patients  should  be  instructed  not  to  increase  the  dose  or  frequency  of  DuoNeb  without  consulting  their 
healthcare  provider  If  symptoms  worsen,  patients  should  be  Instructed  to  seek  medical  consultahon 
Pabents  must  avoid  exposing  their  eyes  to  this  product  as  temporary  papillary  dilation,  blurred  vision,  eye  pain, 
or  precipitahon  or  worsening  ot  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  it  a  mask  is  used 

If  a  pahent  becomes  pregnant  or  begins  nursing  while  on  DuoNeb.  they  should  contact  their  healthcare  provider 
about  use  of  DuoNeb 
See  the  illustrated  Patient's  Instrucbon  lor  Use  in  the  product  package  insert 

Drug  Interactions 

Anhchnlmernif.  agents  Although  ipratropium  bromide  is  minimally  absorbed  into  the  systemic  circulahon,  there 
IS  some  potential  tor  an  addibve  interaction  with  concomitantly  used  anticholinergic  medicabons  Caubon  is, 
therefore,  advised  in  the  co-administrabon  ot  DuoNeb  with  other  drugs  having  anbcholinergic  properties 
p-adreneroic  aoents  Caubon  is  advised  in  the  co-administrabon  of  DuoNeb  and  other  sympathomimebc  agents 
due  to  the  increased  nsk  ot  adverse  cardiovascular  effects 

B-receolor  blocking  aoents  These  agents  and  albuterol  sulfate  inhibit  the  effect  of  each  other  (i-receptor  block- 
ing  agents  should  be  used  with  caution  in  patients  with  hyperreactive  airways,  and  it  used,  relatively  selective  0, 
selective  agents  are  recommended 

Diuretics  The  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  from  the  administration  ol 
non-potassium  spanng  diuretics  (such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  p-agonists, 
especially  when  the  recommended  dose  of  the  |J-agonist  is  exceeded.  Although  the  clinical  significance  of  these 
effects  IS  not  known,  caubon  is  advised  in  the  co-administrabon  ot  p-agonist-containing  drugs,  such  as  OuoNeb, 
with  non-potassium  spanng  diurebcs 

Monoamine  oxidase  inhibitors  or  Incvclic  anbdeoressants.  DuoNeb  should  be  administered  with  extreme  cau- 
bon to  pabents  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  or  within  2  weeks 
ot  discontinuation  of  such  agents  because  the  action  of  albuterol  sulfate  on  the  cardiovascular  system  may  be 
potentiated 

Carcinogenesis.  Mutagenesis.  Impairment  ol  Fertility 

Albuterol  Sulfate,  In  a  2-year  study  in  Spiague-Dawley  rats,  albuterol  sulfate  caused  a  significant  dose-related 
increase  in  the  incidence  of  benign  leiomyomas  of  the  mesovarium  at  and  above  dietary  doses  of  2  mg/kg 
(approximately  equal  to  the  maximum  recommended  daily  inhalabon  dose  lor  adults  on  a  mg/m' basis).  In 
another  study  this  effect  was  blocked  by  the  coadministrabon  of  propranolol,  a  non-selective  beta-adrenergic 
antagonist. 

In  an  18-montb  study  in  CD-I  mice,  albuterol  sulfate  showed  no  evidence  of  tumorigenicity  at  dietary  doses  u|) 
to  500  mo/kg  (approximately  140  bmes  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m' 
basis)  In  a  22-month  study  in  Golden  hamsters,  albuterol  sulfate  showed  no  evidence  ol  tumongenicily  at 
dietary  doses  up  to  50  mg/kg  (approximate^  20  bmes  the  maximum  recommended  daily  inhalation  dose  for 
aduttsonamg/m'basis) 

Albuterol  sultate  was  not  mutagenic  in  the  Ames  test  or  a  mutation  test  in  yeast  Albuterol  sulfate  was  not  clas- 
togenic  in  a  human  penpheral  lymphocyte  assay  or  In  an  AH1  strain  mouse  micronucleous  assay 
Reproducbon  studies  in  rats  demonstrated  no  evidence  ol  impaired  fertlity  at  oral  doses  of  albuterol  sulfate  up  to 
50  mg/kg  (approximately  25  bmes  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m'  basis) 
Ipralrnnium  bromide:  In  2-year  studies  m  Sprague-Oawley  rats  and  CD-I  mice,  ipratropium  bromide  showed  no 
evidence  ol  tumongenicily  at  oral  doses  up  to  6  mg/kg  (approximately  1 5  bmes  and  8  times  ttie  maximum  rec- 
ommended daily  inhalation  dose  for  adufts  in  rats  anrJ  mice  respectively,  on  a  mgrm'  basis) 
Ipratropium  bromide  was  not  mutagenic  in  the  Ames  test  and  mouse  dominant  lethal  test  Ipratropium  bromide 
was  not  clastogenic  in  a  mouse  micronucleous  assay 

A  reproduOion  study  in  rats  demonstrated  decreased  concepbon  and  increased  resorptions  when  ipratropium 
bromide  was  administered  orally  at  a  dose  ol  90  nig/kg  (approximately  240  times  the  maximum  recommended 
daily  inhalation  dose  lor  adults  on  a  mg/m'  basis)  Ttiese  effects  were  not  seen  with  a  dose  of  50  mg/kg  (approx- 
imately 140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m'  basis) 

Pregnancy 

URATOCENIC  EFFCCTS  Pregraricy  Category  C 

Albuterol  suMate.  Pregnancy  Category  C  Albuterol  sulfate  has  been  shown  lo  be  teratogenic  in  mice  A  study  in 
CD-I  mice  given  albuterol  sulfate  subcutaneousfy  showed  cleft  palate  formation  in  5  of  1 1 1  (45%)  fetuses  at 
0  25  mg/ko  (less  than  the  maximum  recommended  daily  inhalabon  dose  lor  adults  on  a  mg/m-  basis)  and  in  10 
oi  108  (9 ili)  fetuses  at  2  5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily  inhalation  dose 


lor  adults  on  a  mg/m'  basis).  The  drug  did  not  induce  clelt  palate  lormation  when  administered  subcutaneous- 
ly  at  a  dose  ol  0  025  mg/kg  (less  than  the  maximum  recommended  daily  inhalabon  dose  lor  adults  on  a  mg/m' 
basis)  Cleft  palate  lomnabon  also  occurred  in  22  ol  72  (305%)  letuses  Irom  lemales  treated  subcutaneousfy 
with  2  5  mg/kg  isoproterenol  (positive  control) 

A  reproduction  study  in  Stride  rabbits  revealed  cranioschisis  in  7  ol  19  (37%)  letuses  when  albuterol  was  admin- 
istered orally  at  a  dose  of  50  mg/kg  (approximately  55  bmes  the  maximum  recommended  daily  inhalation  dose 
tor  adufts  on  a  mg/m'  basis) 

A  study  in  which  pregnant  rats  were  dosed  with  radiolabeled  albuterol  sulfate  demonstrated  that  drug-related 
material  is  transferred  from  the  maternal  cireulabon  to  the  lelus. 

During  wortdwide  marketing  experience,  vanous  congenital  anomalies,  including  clelt  palate  and  limb  delects, 
have  been  reported  m  Ihe  otlspnng  ol  patients  being  treated  with  albuterol  Some  ot  the  mothers  were  taking 
multiple  medicabons  dunng  their  pregnancies  Because  no  consistent  pattern  of  delects  can  be  discerned,  a  rela- 
tionship between  albuteiol  use  and  congenital  anomalies  has  not  been  established 
Ipratropium  bromide.  Pregnancy  Category  B  Reproduction  studies  in  CD-I  mice.  Sprague-Dawley  rats  and  New 
Zealand  rabbits  demonstrated  no  evidence  ol  teratogenicity  at  oral  doses  up  to  10. 100,  and  125  mg/kg,  respec- 
tively (approximately  15  270.  and  680  times  the  maximum  recommended  daily  inhalabon  dose  for  adults  on  a 
mg/m^  basis).  Reproduction  studies  in  rats  and  rabbits  demonstrated  no  evidence  of  teratogenicity  at  inhalation 
doses  up  to  1  5  and  1  8  mg/kg,  respectively  (approximately  4  and  10  bmes  the  maximum  recommended  daily 
inhalabon  dose  for  adults  on  a  mg/m'  basis)  There  are  no  adequate  and  well-controlled  studies  ol  Ibe  use  ol 
DuoNeb,  albuterol  sullate,  or  ipratropium  bromide  in  pregnant  women  DuoNeb  should  be  used  dunng  preg- 
nancy only  if  Ihe  potential  benetit  lustifies  the  potential  nsli  to  the  fetus 

Labor  and  Delivery  „  .  ^  .  ,    , 

Oral  albuterol  sulfate  has  been  shown  to  delay  preterm  labor  in  some  reports  Because  of  the  potential  ot 
albuterol  to  interlere  with  utenne  contrartility.  use  of  DuoNeb  during  labor  should  be  reslncted  to  those  patients 
in  whom  the  benefits  clearly  ouhiveigh  the  risks. 

Nursing  Mothers  .,   ., ,      ^ ,    ^ 

It  IS  not  known  whether  the  components  ol  OuoNeb  are  excreted  in  human  milk.  Although  lipid-insoluble  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would  reach  the  inlant  to  an  impor- 
tant extent  especially  when  taken  as  a  nebulized  solution  Because  ot  the  potential  for  tumongenicily  shown  for 
albuterol  sulfate  in  some  animals,  a  decision  should  be  made  whether  to  disconbnue  nursing  or  disconbnue 
OuoNeb,  taking  into  account  the  importance  ol  the  drug  to  the  mother 

Pediatric  Use  u,  ,.  j 

The  salety  and  eltectiveness  ol  DuoNeb  in  patients  below  18  years  ol  age  have  not  been  established 

Geriatric  Use  ,  ,„ 

Of  the  total  number  ol  subjects  in  clinical  studies  ol  DuoNeb,  62  percent  were  65  and  over,  while  19  percent  were 
75  and  over  No  overall  dilferences  in  salety  or  eltectiveness  were  observed  between  these  subjects  and  younger 
subiects,  and  other  reported  clinical  expenence  has  not  idenblied  dillerences  in  responses  between  the  elderly 
and  younger  patients,  but  greater  sensitivity  ol  some  older  individuals  cannot  be  ruled  out 

ADVERSE  REACTIONS  „^   ,.      ,.,  , 

Adverse  reaction  intormabon  concerning  DuoNeb  was  derived  Irom  the  12-v»eek  controlled  cirnical  trial. 


ADVERSE  EVENTS  OCCURR 
COMBINATION  T 

NG  IN  ;•  1%  OF 
REATMENT  SHO 

Albuterol 
n  (%) 

1  TREATMENT  GROUP(S)  AND  WHERE  THE 
«ED  THE  HIGHEST  PERCENTAGE 

Body  System 
COSTART  Term 

Ipratropium 
n  (%) 

DuoNeb 

n  (%) 

NUMBER  OF  PATIENTS 

761 

754 

765 

N  (%)  Patients  with  AE 

327  (43,0) 

329  (43.6) 

367  (48.0) 

BOOV  AS  A  W/HOLE                                                                                                                                     | 

Pain 

8(1.1) 

4  (0.5) 

10(1.3) 

Pain  chest 

11  (1.4) 

14(1.9) 

20  (2.5) 

Digestive                                                                                                                           | 

Diarrhea 

5  (0.7) 

9(1.2) 

14(1.8) 

Dyspepsia 

7(0.9) 

8(1.1) 

10(1.3) 

Nausea 

7  (0.9) 

6  (0.8) 

11  (1.4) 

Musculo-Skeletai                                                                                                        I 

Cramps  leg 

8(1.1) 

6  (0.8) 

11  (1.4)      1 

RESPIRATOnV                                                                                                                                                                       1 

Bronchibs 

11(1.4) 

13(1.7) 

13(1.7) 

Lung  Disease 

36  (4.7) 

34  (4.5) 

49  (6.4) 

Pharyngitis 

27  (3.5) 

27  (3.6) 

34  (4.4) 

Pneumonia 

7  (0.9) 

8(1.1) 

10(1.3) 

Urogenital                                                                                                                 | 

Intection  urinary  tract 

3  (0.4) 

9(1.2) 

12(1.6)      1 

Additional  adverse  reacbons  reported  in  more  than  1%  ot  pabents  treated  with  DuoNeb  included  consbpation 
and  voice  arterations 

In  the  clinical  tnal.  there  was  a  0  3%  incidence  ol  possible  allergic-lype  reactions,  including  skin  rash,  pruribjs. 
and  urlicana 

Additional  Inlormation  denved  from  Ihe  published  literature  on  the  use  ol  albuterol  sullate  and  ipratropium  bro- 
mide singly  or  in  combination  includes  precipitation  or  worsening  of  narrow-angle  glaucoma,  acute  eye  pain, 
blurred  vision  paradoxical  bronchospasm.  wheezing,  exacerbabon  of  COPD  symptoms,  drowsiness,  aching. 
Hushing,  upper  respiratory  tract  infecbon.  palpitabons.  taste  perversion,  elevated  heart  rate,  sinusibs.  back  pain 
and  sore  throat 

DOSAGE  AND  ADMINISTRATION 

The  recommended  dose  ol  DuoNeb  is  one  3  mL  vial  administered  4  bmes  per  day  via  nebulizabon  with  up  to 
2  addrtional  3  mL  doses  allowed  per  day.  if  needed  Safety  and  efficacy  ol  addibonal  doses  or  Increased  fre- 
quency of  administrabon  of  DuoNeb  beyond  these  guidelines  has  not  been  studied  and  the  safety  and  elfiracy 
ol  extra  doses  ol  albuterol  sulfate  or  ipratropium  bromide  in  addition  to  the  recommended  doses  of  DuoNeb 
have  not  been  studied. 

The  use  of  DuoNeb  can  be  conbnued  as  medically  Indicated  to  control  recurring  bouts  ol  bronchospasm  It  a 
previously  etiective  regimen  fails  to  provide  Ihe  usual  relief,  medical  advice  should  be  sought  immediately,  as 
this  is  often  a  sign  of  worsening  COPD.  which  would  require  reassessment  of  therapy 
A  Pan-LC-Plus™  nebulizer  (with  face  mask  or  mouthpiece)  connected  lo  a  PRONEB™  compressor  was  used  to 
deliver  DuoNeb  lo  each  patient  in  one  U  S  clinical  study.  Ttie  safety  and  efficacy  of  OuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established. 

DuoNeb  should  be  administered  via  |et  nebulizer  connected  to  an  air  compressor  with  an  adequate  air  flow, 
equipped  with  a  mouthpiece  or  suitable  face  mask 

HOW  SUPPLIED  ,  ...  , 

DuoNeb  IS  supplied  as  a  3-mL  stenle  solubon  lor  nebulizabon  in  stenle  low-density  polyethylene  unit-dose  vials 

Cards  ol  hve  vials  are  placed  into  a  toil  pouch  Supplied  in  cartons  as  listed  below 

NDC  49502-672-30  30  vials  per  carton 

NOC  49502-672-60  60  vials  per  carton 

Store  between  2"'C  and  25°C  (36°F  and  77°^  Protect  from  light 


DEV.  Napa.  CA  94558 


03-485-21  (BRS) 


May  2001 


1  Gross  N  Tashkin  D.  Miller  R.  el  al  Inhalation  by  nebulizabon  of  albuterol-ipratropium 
combination  (Dey  combination)  is  supenor  to  either  agent  alone  in  the  treatment  ol  chron- 
ic obstructive  pulmonary  disease  Respiration  1998:65:354-362. 
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Rapidpoint    400 

critical  care  analyzer. 

Be  confident.  Get  results. 

No  maintenance  means  more  time 

for  patient  care-just  change  the 

cartridges  when  required 

Advanced  sample  management 

includes  automatic  clot  detection  and 

clearance  to  make  sampling  simpler 

Nine  critical  analytes  can  help  you 

identify  the  problem: 

pOj,  pCOj,  pH,  Na*.  Ca**,  K\  CI", 

glucose  and  hematocrit 

60-second  turnaround  time 
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Research  Pointers:  Peak  Kxpiratory  Klciw  Sequence  in  Acute  Kxacerlialiun  of  Asthma — 

Birriiij!  SS.  Hearlin  H.  Williams  TJ,  Brightling  CE.  Pavord  ID.  BMJ  :()01;322(72y7):12«l. 

Deleterious  EITecIs  of  Inhaled  Beta-Asonists:  Short-Acting  and  Long-Acting  Agents  Differ 

(cdiConaD— Scars  MR.  Chest  :()(tl  ;1  im.S):  12')7-12W. 

AIDS— The  First  20  Years-  -.Scpkowu/  KA.  N  Hngl  J  Med  20(11  ;.^44(2.1):17fi4~l772. 

AIDS  and  the  l.un;;  in  a  Changing  World  (editorial) — Mayaud  C,  Cadranel  J.  Thora.v  2(K)1; 
56(6):423^26. 

Pathophysiology,  Clinical  Manifestations,  and  Prevention  of  Ischemia-Reperfusion  Inju- 
ry—Collard  CD,  Gclman  S.  Anesthesiology  2001  ;94(6):1 13.^-1 138. 

Optimizing  Bronchodilator  Therapy  for  COPD  (edilnrial)— l.ipwonh  BJ  Chest  2001;1 19(6): 
l(i2IS--l(i.'0 

Analysis  of  Sputum  in  COPD  (editorial) — Maestrelli  P.  Richeldi  L,  Moretti  M,  Fabbri  LM. 
Thora.x  2001:56(6):420-422. 

Noninvasive  Ventilation  Routine  Therapy  for  Community-Acquired  Pneumonia?  Not  So 
Fast!  (editorial)— Hill  NS.  Intensive  Care  Med  2001;27(5):797-799. 

Extracorporeal  Circulation  for  .\cute  Respiratory  Failure — Mamprin  F,  Pesenti  A.  Fumagalli 
R.  Intensive  Care  Med  2()01;27(?):934-936. 


Potentially  Dangerous  Negative  Intrapleural  Pressures  Generated  by 
Ordinary  Pleural  Drainage  Systems — Bar-El  Y.  Ross  A.  Kablawi  A, 

Egenburg  S.  Chest  2001  Feb;!19(2l:.Sl  1-514. 

OBJECTIVE;  Clinical  observation  has  identified  cases  in  which  the  neg- 
ative pressures  e.xerted  on  patient  chest  drains  have  appeared  to  far  ex- 
ceed the  level  of  suction  intended.  This  study  was  designed  to  test  whether 
the  use  of  high  rates  of  airflow  in  typical  pleural/mediastinal  drainage 
systems  exerts  excessively  high  negative  pressures  on  the  chest  drainage 
lube.  METHODS:  Three  pleural  drainage  systems  were  tested  in  vitro  at 
negative  pressure  sellings  ranging,  in  ."i-cm  H,0  increments,  from  5  to  35 
cm  H,0.  At  each  negative-pressure  setting,  each  device  was  tested  with 
three  different  rates  of  airflow.  The  negative  pressures  exerted  in  the 
chest  drain  were  measured  by  water  manometer  and  were  compared  vv  iih 
the  initial  pressure  settings.  RESULTS;  When  a  high  rate  of  airflow  was 
used,  all  three  systems  produced  negative  pressures  that  exceeded  the 
pressure  level  initially  set;  two  of  the  systems  exerted  negative  pressures 
that  were  approximately  double  those  intended,  for  all  pressure  settings. 
CONCLUSIONS:  Pleural  drainage  systems  may  exert  excessive  and  po- 
tentially dangerous  high  negative  pressures  if  high  airflow  is  utilized.  The 
risk  to  patients  will  be  minimized  if  the  airflow  through  the  pressure- 
regulating  chamber  of  the  drainage  system  is  adjusted  to  produce  slow, 
consistent  bubbling.  High  rates  of  bubbling  and  turbulence  in  the  water 
column  indicate  that  the  negative  pressure  level  may  be  excessively  high, 
particularly  for  patients  who  do  not  have  air  leakage. 


The  Pulmonary  and  Systemic  Distribution  and  Elimination  of  Per- 
tlubron  from  .\dult  Patients  Treated  with  Partial  Liquid  \'entila- 
tion — Reickert  C.  Pranikolf  T,  Overbeck  M.  Ka/erooni  E,  Massey  K, 
Bartlett  R,  Hirschl  R.  Chest  2(.X)1  Feb;l  19(2);515-522. 

OBJECTIVE:  To  assess  the  pulmonary  and  systemic  distribution  and 
elimination  of  pertlubron  lCsF,7Br|;  LiquiVent;  .Alliance  Pharmaceuti- 
cal; San  Diego.  CA)  during  and  following  the  period  of  partial  liquid 
ventilation.  DESIGN;  Prospective  phase  I  and  II  clinical  tnal.  SETTING: 
Adult  surgical  ICU.  PATIENTS;  Eighteen  adult  patients  (mean  ±  SEM 
age,  37.9  ±  3.4  years)  with  severe  respiratory  failure,  some  of  whom 
required  extracorporeal  life  support  (72%).  and  who  were  managed  with 
partial  liquid  ventilation  with  pertlubron.  INTERVENTIONS;  Pertlubron 
was  administered  into  the  trachea,  and  gas  ventilation  of  the  pertluoro- 
carbon-filled  lung  (partial  liquid  ventilation)  was  then  performed.  .Addi- 
tional doses  were  administered  daily  for  from  1  to  7  days,  with  a  median 
cumulative  dose  of  31  ml. /kg  (range.  3  to  60  inL/kg).  Measurement.s  and 
main  results;  Patient  blood  samples  were  evaluated  by  gas  chromatog- 
raphy for  serum  pertlubron  levels.  Sequential  lateral  and  anteroposterior 
radiographs  were  assessed,  using  a  5-point  rating  scale,  for  the  degree  of 
pertlubron  fill  following  the  final  dose.  Samples  of  expired  gas  were 
collected,  and  the  rate  of  loss  of  pertlubron  in  the  expired  gas  was 
measured  by  gas  chromatography.  Mean  scrum  pertlubron  levels  in- 
creased to  0.16  ±  0.05  ing/dL  at  24  h  following  administration  of  the 
initial  dose.  A  mean  maximum  level  of  0.26  -  0.05  nig/dl.  of  pertlubron 
was  present  in  the  serum  24  h  following  the  administration  of  the  last 
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dose.  This  level  slowly  irenJeil  ilow nwiirJ  lo  0. 1 8  t  0.()6  mg/dL  over  Ihc 
ensuing  7  days  (p  =  0.281).  I'erllubron  elimination  via  expired  gas 
occurred  a(  a  mean  rate  of  9.4  ±  3.0  mLTh  at  I  h.  and  1 .0  £  0.4  mUh  a( 
48  h  after  the  last  dose  (p  =  0.012).  By  radiologic  evaluation,  perflubron 
was  eliminated  from  the  lungs  progressively  from  4.2  ±  0.2  at  the  time 
of  administration  of  the  last  dose,  lo  2.8  ±  0.1  at  4  days  later  (p  <  0.(K)1 ), 
Pertluhron  tended  lo  distribute  and  remain  for  longer  periods  in  the 
dependeni  regions  of  the  lung  when  compared  to  the  nondependent  re- 
gions (%-h  pertluhron  fill  score:  posterior.  .1.8  ±  0.5:  anterior.  1.9  ±  0.4; 
p  =  0.0(U).  CONCI.U.SIONS:  Pertluhron  is  eliminated  at  a  maximum 
rale  of  9.4  ±  3.0  niL/h  by  evaporative  loss  from  the  airways  and  is 
retained  in  greater  amounts  in  the  dependent  lung  regions  when  com- 
pared to  the  nondependent  lung  regions.  There  is  a  low  but  measurable 
maximum  blood  concentration  of  0.26  ±  O.O.S  mg/dL  in  patients  after 
perllubron  administration,  w  hich  did  not  decrease  significantly  after  ces- 
sation of  partial  lii|iiid  ventilation 

Filgrastim  in  I'alients  will)  I'luuiiKinia  and  .Severe  .Sepsis  or  Septic 
.Shock — VV  underink  R.  Leeper  K  Jr.  Schein  R.  Nelson  S.  DcBoishlanc  B, 
Fothcringham  N.  Logan  E.  Chest  2001  Feb;l  19(2):523-529. 

STUDY  OBJECTIVES:  Evaluate  the  safety  of  filgrastim  (recombinant 
methionyl  human  granulocyte  colony-stimulating  factor)  administration. 
combined  with  standard  therapy,  in  patients  with  pneumonia  and  either 
septic  shiK'k  or  severe  sepsis  who  were  receiving  mechanical  \enlilation. 
DESIGN:  Mullicenler.  double-blind,  randomized,  placebo-controlled 
study.  SETTING:  ICU,  mullicenter.  PATIENTS:  Eighteen  patients  with 
pneumonia  and  hypotension,  or  in  the  absence  of  shock,  two  or  more 
end-organ  dysfunctions,  were  enrolled  and  treated.  Baseline  acute  phys- 
iology and  chronic  health  evaluation  II  scores  and  median  age  for  the 
filgrastim  (n  =  12)  and  placebo  (n  =  6)  groups  were  25.0  and  49.5  years 
and  31.5  and  56.5  years,  respectively.  INTERVENTION:  Filgrastim  (300 
microgl  or  placebo  was  administered  I.V.  daily  for  up  to  5  days.  Mea- 
surements and  results:  Study  end  points  included  safety;  biological  re- 
sponse, including  endogenous  cytokine  levels,  endotoxin  levels,  and  neu- 
trophil counts;  and  mortality.  Cytokine  and  endotoxin  levels  were  highly 
variable  in  both  groups.  By  day  29.  3  of  12  filgrasiim-treated  patients  and 
4  of  6  placebo-treated  patients  had  died.  There  were  no  differences  in 
types  and  occurrences  of  adverse  events,  including  ARDS.  or  in  outcome 
between  the  two  groups.  Three  of  four  placebo-treated  patients  had  per- 
sistent bacterial  growth  on  bronchoscopy  repeated  after  48  h  compared 
with  2  of  10  filgraslim-trealcd  patients.  CONCLUSION:  Filgrastim  ap- 
peared to  be  well  tolerated  in  this  population  of  patients  with  pneumonia 
and  severe  sepsis  or  septic  shock.  Larger  studies  to  delemiine  the  benefit 
of  filgrastim  in  patients  w  ilh  pneumonia  and  sepsis  or  organ  dysfunction 
are  warranted. 

A  Stud)  of  Con.secull\e  Autopsies  in  a  Medical  ICU:  A  Comparison 
of  Clinical  Cause  of  Death  and  Autopsy  Diagnosis — Tai  DY.  El-Bil- 
beisi  H.  Tewari  S.  Mascha  EJ.  Wiedemann  HP.  Arroliga  AC.  ChesI  2001 
Feb;119(2):5.W-5.16. 

OBJECTIVE:  To  determine  the  degree  of  concordance  between  clinical 
cause  of  death  and  autopsy  diagnosis  in  a  medical  ICU  (MICU)  setting. 
DESIGN:  Retrospective  medical  chart  and  autopsy  report  review.  SET- 
TING: MICU  in  a  tertiary  referral  hospital.  PATIENTS:  Consecutive 
admissions  lo  an  MICU  over  a  2-year  period  from  January  I,  1994,  to 
December  31.  1995.  INTERVENTIONS:  None.  Measurements  and  main 
results:  One  thousand  eight  hundred  patients  were  admitted  to  the  MICU 
during  the  study  period.  There  were  401  in-ICU  deaths  (22.3'7r).  The 
autopsy  rate  w  as  22.7''H  9 1  of  40 1 ).  The  mean  ±  SO  age  of  the  aulopsied 
patients  (55. 1  ±  1 3.5  years)  was  lower  than  those  without  autopsy  (62.4  ± 
15.2  years;  p  <  0.001 1.  The  two  groups  were  otherwise  similar  with 
regard  to  sex.  race.  AP.XCHE  (acute  physiology  and  chronic  health  eval- 
uation) III  scores,  and  lengths  of  stay  in  the  MICU  and  hospital.  The 
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discordance  between  clinical  and  postmortem  diagnoses  was  19.8%  (9595- 
confidence  interval.  12  to  29%).  There  were  no  differences  in  age.  sex. 
APACHE  III  scores,  predicted  mortality,  and  lengths  of  stay  in  MICU 
hospital  between  patients  with  concordant  and  discordant  diagnoses.  In 
44.4%  (8  of  18)  of  the  discordant  cases,  management  would  have  been 
modified  had  the  autopsied  diagnosis  been  made  premortem.  Seven  of 
the  autopsied  patients  had  organ  transplantation.  Three  of  the  patients 
who  had  organ  transplantation  had  discordant  diagnoses,  including  two 
patients  with  disseminated  fungal  infection  that  was  not  diagnosed  clin- 
ically. Although  the  observed  discordance  in  transplant  patients  (43%) 
was  higher  than  in  those  without  transplant  (19%).  the  difference  was  not 
statistically  significant  (p  =  0.15).  CONCLUSION:  Younger  patients 
tended  to  have  a  higher  autopsy  rate  than  older  patients.  The  discordance 
between  the  clinical  cause  of  death  and  postmortem  diagnosis  was  19.8%. 
In  44.4%  of  the  discordant  cases,  knowledge  of  the  correct  diagnosis 
would  have  altered  therapy. 

Factors  Associated  with  Prolonged  Mechanical  Ventilation  Follow- 
ing Cor(inar>  Artery  H>pass  .Surgery  —Branca  P.  McGaw  P.  Light  R. 
Chest  2(K)1  Feb;l  14(21:537-546. 

STUDY  OBJECTIVES:  To  identify  tlie  typical  duration  of  postoperative 
mechanical  ventilation  following  coronary  artery  bypass  graft  surgery 
(CABG).  and  to  identify  risk  factors  for  prolonged  postoperative  venti- 
lation. DESIGN:  Retrospective  study  of  4.863  consecutive  patients  using 
univariate  and  multivariate  survival  analysis  to  identity  independent  risk 
factors.  SETTING:  Saint  Thomas  Hospital.  Nashville.  TN.  a  575-bed. 
academically  affiliated,  regional  referral  hospital  specializing  in  cardio- 
vascuUir  diseases.  P.ATIENTS:  .All  patients  undergoing  CABG  in  our 
hospital  from  January  1.  1996.  to  December  31.  1997.  INTERVEN- 
TIONS: None.  Measurements  and  results:  Duration  of  mechanical  ven- 
tilation and  inortality  were  measured.  More  than  94%  of  the  patients  were 
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(.■xliih^iifil  in  the  first  3  days  tolUnving  surgery,  4%  more  were  cxtubaled 
Irom  piisiupcralive  days  4  lo  14.  and  almost  IVr  were  receiving  ventila- 
tiiin  tor  ■  14  days.  Those  risk  factors  that  retlecl  preoperative  medical 
instability,  especially  cardiac  or  respiratory  insulTiciency.  were  associ- 
ated with  the  highest  incidence  of  prolonged  postoperative  mechanical 
ventilation  and  tor  operative  mortality.  The  .Society  of  Thoracic  Sur- 
geons-predicted mortality  esliinale  was  the  best  single  independent  pre- 
dictor for  prolonged  postoperative  ventilation.  CONCLUSIONS:  Typi- 
cally, patients  can  be  expected  to  be  cxtubated  within  .^  days  after  CABG. 
Certain  preoperative  comorbidities,  especially  preoperative  cardiac  or 
respiratory  instability,  are  prediclivc  of  prolonged  postoperative  mechan- 
ical ventilation. 

Size  and  Composition  Changes  in  Diaphragmatic  Fibers  in  Rats  Ex- 
posed to  Chronic  Hypercapnia — Kumagai  M.  Kondo  T.  Ohta  Y.  Ishi- 
hara  T.  Chest  2001  |-eh;l  ^(jK.'^d.'i-.'iVl. 

OBJECTIVE:  To  test  the  hypothesis  thai  chronic  hypercapnia  changes 
the  composition  of  the  respiratory  muscle  by  continuous  augmentation  of 
ventilation.  Materials  and  methods:  Eighteen  male  Wislar  rats  were  housed 
in  W9c  CO.  in  air  for  19  weeks,  and  their  minute  ventilation  Vj.  was 
measured  every  6  weeks.  The  diaphragm,  excited  at  19  weeks  of  expo- 
sure, was  classified  as  fiber  type  I.  lla.  or  lib.  Cross-sectional  areas  of 
individual  fibers  were  measured.  Fibers  with  a  target-like  appearance  on 
reduced  nicotinamide  adenine  dinucleotide-tetrazolium  reductase 
(NADH-TR)  stain  also  were  counted.  The  data  were  compared  with  those 
of  rats  kept  in  room  air.  RESULTS:  The  mean  (±  SD)  P,co,  after  19 
weeks  of  sustained  hypercapnia  was  71.0  ±  4.7  mm  Hg.  The  Vg  re- 
mained at  a  high  level  until  12  weeks  of  exposure,  and  then  it  signifi- 
cantly decreased  at  week  IX.  In  a  comparison  with  the  control  rats,  a 
larger  number  of  type  I  fibers  and  a  smaller  number  of  type  lib  fibers 
were  found  in  the  diaphragm  of  the  chronically  hypercapnic  rats.  In 
addition,  the  latter  group's  cross-sectional  area  revealed  fibers  of  a  sig- 
nificantly smaller  diameter.  Target-like  fibers  were  observed  in  5'i  of  the 
NADH-TR-stained  fibers  in  the  chronically  hypercapnic  rats  but  were  not 
seen  in  the  control  rats.  CONCLUSION:  By  increasing  the  ratio  of  fa- 
tigue-resistant fibers,  the  diaphragm  was  able  to  adapt  to  a  sustained  load 
induced  by  hypercapnia.  However,  this  adaptive  process  was  accompa- 
nied by  a  degenerative  change  in  the  tissue. 

The  Value  of  a  Hospitalist  Service:  Efficient  Care  for  the  Aging 
Population? — Hackner  D.  Tu  G.  Braunstein  GD.  Ault  M.  Weinganen  S. 
Mohscnifar  Z.  Chest  2001  Feb;l  19(2):580-.'SS9. 

BACKGROUND:  We  studied  patients  of  a  hospitalist  teaching  service 
and  patients  receiving  routine  private  care  (control  subjects).  We  sought 
to  evaluate  whether  inpatients  cared  for  by  an  academic  hospitalist  ser- 
vice had  lower  lengths  of  stay  and  resource  utilization  rates.  METHODS: 
Using  monthly  hospital  census  data.  477  hospitalist  cases  and  1.160 
control  cases  were  selected  by  explicit  criteria  from  the  Medicaid  pop- 
ulation of  a  large,  university-affiliated,  community  medical  center  be- 
tween July  1,  1996,  and  June  M).  1997.  Outcomes  in  hospitalist  faculty 
patients  were  compared  t<i  those  of  control  patients  under  the  care  of 
private  providers.  RESULTS:  Median  length  of  stay  was  4  days  for 
control  subjects  and  3  days  for  the  hospitalist  service  (p  <  0.0001). 
Median  total  cost  per  case  was  $4,853  for  control  subjects  and  $4,002  for 
hospitalist  patients  (p  <  O.(XK)l).  Only  patients  a  65  years  old  showed 
statistically  significant  reductions  in  both  length  of  stay  (p  <  0.0001)  and 
total  cost  (p  =  0.002).  Subspecialty  consultation  rates  were  37.69r  for 
control  subjects  and  16.6'/f  for  hospitalist  cases  (p  <  0.()<H)1 1.  We  noted 
increasing  consultations  for  patients  a  65  years  old,  especially  in  the 
control  group  (p  =  0.(X)1 ).  No  significant  differences  in  mortality,  3()-day 
readmi.ssions,  or  interfacility  transfers  were  observed.  CONCLUSIONS: 
Patients  cared  for  by  an  academic  hospitalist  service  that  includes  ac- 
tively participating  medical  residents  appear  to  have  lower  lengths  of 


stay,  total  costs,  and  consultation  rates  than  patients  receiving  routine 
private  care.  The  reductions  are  largely  observed  among  patients  a  65 
years  old. 

Management  of  Spontaneous  Pneumothorax:  .\n  American  College 
of  Chest  Physicians  Delphi  Consensus  Statement  Baumann  MH. 
Strange  C.  Hellner  JE.  Light  R.  Kirby  TJ,  Kloin  .1.  et  al.  Chest  2(H)1 
Eeb;ll9(2):.590-602. 

OBJECTIVE:  Provide  explicit  expert-based  consensus  recommendations 
for  the  management  of  adults  with  primary  and  secondary  spontaneous 
pneumothoraces  in  an  emergency  department  and  inpatient  hospital  set- 
ting. The  use  of  opinion  was  made  explicit  by  employing  a  structured 
questionnaire,  appropriateness  scores,  and  consensus  .scores  with  a  Del- 
phi technique.  The  guideline  was  designed  to  be  relevant  to  physicians 
who  make  management  decisions  for  the  care  of  patients  with  pneumo- 
thorax OPTIONS:  Decisions  for  observation,  chest  tube  placement,  sur- 
gical interventions,  and  radiographic  imaging.  OUTCOMES:  Effective- 
ness of  pneumothorax  resolution,  duration  of  and  patient  tolerance  of 
care,  and  pneumothorax  recurrence.  EVIDENCE:  Literature  review  from 
1967  to  January  1999  and  Delphi  questionnaire  submitted  in  three  iter- 
ations to  a  multidisciplinary  physician  panel.  VALUES:  The  guideline 
development  group  determined  by  consensus  the  relevant  outcomes  to  be 
considered  in  developing  the  Delphi  questionnaire.  Benefits,  harms,  and 
costs:  The  type  and  magnitude  of  benefits,  harms,  and  costs  expected  for 
patients  from  guideline  implementation.  RECOMMENDATIONS:  Man- 
agement decisions  vary  between  patients  w  ith  primary  or  secondary  pneu- 
mothoraces. with  observation  of  small  pneumothoraces  being  appropriate 
only  for  primary  pneumothoraces.  The  level  of  consensus  varies  regard- 
ing the  specific  interventions  indicated,  but  agreement  exists  for  the 
general  principles  of  care.  VALIDATION:  Recommendations  were  peer 
reviewed  by  physician  experts  and  were  reviewed  by  the  American  Col- 
lege of  Chest  Physicians  (ACCP)  Health  and  Science  Policy  Committee. 
IMPLEMENTATION:  The  guideline  recommendations  will  be  published 
in  printed  and  electronic  form  with  distribution  of  synopses  for  patients 
and  health  care  providers.  Contents  of  the  guideline  will  be  incorporated 
into  continuing  medical  education  programs.  SPONSORS:  The  ACCP. 

Home  Ventilator  Low -Pressure  .Alarms  Fail  to  Detect  Accidental 
Decannulation  with  Pediatric  Tracheostomy  Tubes — Kun  SS.  Naka- 
mura  CT.  Ripka  JF.  Davidson  Ward  SL.  Keens  TG.  Chest  2001  Feb: 
119(2):562-564. 

BACKGROUND:  Positive-pressure  ventilators  are  equipped  vsith  low- 
inspiratory-pressure  alarms  to  protect  patients  from  hypoventilation.  Small 
uncuffed  tracheostomy  tubes  have  a  high  resistance,  and  may  not  trigger 
these  alarms  during  decannulation.  Study  objective:  To  determine  whether 
ventilator  low-inspiratory-pressure  alarms  are  effective  in  detecting  tra- 
cheostomy decannulation.  DESIGN:  We  connected  tracheostomy  tubes 
of  varying  inner  diameters  (3.0  to  6.0  mm)  to  a  home  ventilator  and 
simulated  decannulation  using  low  (tidal  volume  IV,).  600  ml.:  peak 
inspiratory  pressure  [PIP].  25  cm  H,0).  medium  (V,.  8(X)  ml.;  PIP.  30 
cm  H,0).  and  high  (V,.  l.(X)0  mL;  PIP.  35  cm  H,Ol  ventilator  settings. 
RESULTS:  When  the  ventilator  low-inspiratory-pressure  alarm  was  set 
at  4  cm  H,0  below  the  desired  PIP,  it  failed  to  alann  for  simulated 
decannulation  of  tracheostomy  tubes  <  4.5  mm  on  low  and  medium 
settings,  and  <  4.0  mm  on  high  settings.  When  the  ventilator  low-in- 
spiratory-pressure alarm  was  set  al  10  cm  H,0  below  the  desired  PIP.  it 
failed  to  alarm  with  tracheostomy  tubes  <  6.0  mm.  CONCLUSION:  We 
conclude  that  ventilator  low-inspiratory-pressure  alarms  fail  to  alarm 
during  simulated  decannulation  with  small  tracheostomy  tubes  commonly 
used  in  children.  We  speculate  that  low-inspiratory-pressure  alarms  set  al 
4  cm  H,0  below  the  desired  PIP  will  detect  more  decannulation  than 
when  set  al  10  cm  H,0  below  the  desired  PIP. 
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AKDS:  \i«  Vpproaches  to  a  Serious 
Ki'spiralorj  llliu'ss  — An  m  depth  lecture 
about  current  knowledge  and  the  latest 
treatments  for  this  serious  respiratory  illness. 
ARDS.  By  Gordon  R.  Bernard.  MD.  4()-min. 
audiotape. 
Itini  PAI)«27  $15.(M)  ($2(>.(M)  Nonmembtrsl 

Dctt's  the  "Machine"  Make  a  DifTerence?  —  Reviews 

dilTerent  ventilators  and  modalities  available  to  respiratory 
therapists  and  their  impact  in  clinical  settings.  By  John  J.  Marini. 
MD.  4()-miii.  audiotape. 
Iliiii  I*An«6  $15.00  ($20.00  NonmembiTs) 

How  To  (Jet  \'our  "Dream  .Fob"  —  Discusses  what  employers  are  looking  for, 

tmding  jobs,  networking  to  get  noticed,  sources  of  "insider"  information,  writing  resumes  and  cover 
letters,  interview  skills,  and  salary  negotiation.  By  Scott  Reistad.  RRT.  4()-min.  audiotape.  Ilfin  PAI)X29  $15.00  ($20.(Mt 
Nonmcmbcrs) 

Humidillcation  Techniques:  Kftlciency  and  Costs  —  Describes  all  the  options  for  providing  humidity  (heated  humidifiers, 
heated  wire  circuits.  HMEs.  active  HMlis)  and  reports  on  their  performance  and  cost  issues.  By  Richard  D.  Branson,  BA,  RRT. 
FAARC.  4n-min.  audiotape   Item  PAI)8122  $15.00  ($20.00  Nonmembcrs) 

INO  Therapy  in  Adult  Respiratory  Distress  Syndrome  —  ['resents  advances  in  the  use  of  INC)  in  adult  respiratory  distress 
svndiome  (.ARDS)  with  a  review  of  the  latest  tlndings  in  research,  and  future  treatment  of  the  syndrome.  By  Richard  D.  Branson. 
BA.  RRT.  FAARC.  4()-min.  audiotape. 
Item  PAOSSO  $15.00  ($20.00  Nonniembers) 

INO  Therapy  in  Neonatal  and  Pediatric  Hypoxemia  Respiratory  Failure  —  Re\ lews  advances  in  the  use  of  INO  in 

neonatal  and  pediatric  respiratory  failure  along  with  the  lastesl  finds  in  research.  Describes  future  treatment  for  this  illness.  By  John 
E.  Thompson.  RRT.  40-min.  audiotape.  Item  PAD879  $15.00  ($20.00  Nonmembers) 

NPPV  in  .Acute  and  Long-Term  Care  — Addresses  patient  selection  guidelines.  NPPV  initiation,  clinical  applications, 
ventilator  and  interface  selections,  modes  of  ventilation,  weaning  strategies,  and  complications  and  limitations.  By  Donna  Wemhoff. 
BS.  RRT.  CPFT.  40-min.  audiotape.  Item  PAD866  $15.00  ($20.00  Nonmembers) 

Preparation  for  a  Healthy  Financial  Future  —  A  financial  expert  details  how  to  manage  personal  finances  and  retirement 

planning.  Presents  inform.iimn  on  how  lo  s;el  the  most  from  vour  resources.  Bv  James  Stevenson.  4()-min.  audiotape. 
Item  PAI)863  $15.00  ($20.00  Nonmembers) 

The  "Facts"  about  Pressure  Control  Ventilation  —  Addresses  the  indications,  clinical  advantages,  initiation,  management, 
and  monitoring  of  PC'V.  Focuses  on  palicnis  hencfitmg  trom  PCV  and  weaning  stratecies.  Bv  Dimna  Wemhoff,  BS,  RRT.  CPFT.  40- 
iiiin  audiotape   Item  PAI)862  $15.00  ($20.00  Nonmembers) 

Transformation  to  Critical  Thinking  —  Details  strategy  and  tools  necessary  to  assist  staff  in  the  improvement  of  their  critical 
thinking  skills.  By  Anna  W,  Parkman.  MBA.  RRT,  40-min.  audiotape.  Item  PAI)820  $15.00  ($20.00  Nonmembers) 

Weaning  in  the  1(T':  Predictors  and  Strategies  —  Presents  predictors  and  strategies  that  you  may  use  to  wean  patients  trom 
mechanical  venlilators  in  the  critical  care  setting.  By  James  K.  Stoller,  MD,  40-min.  audiotape. 
Item  PAI)8102  $15.00  ($20.00  Nonmembers) 

Without  StafT  with  Interpersonal  Skills.  You'll  Never  Have  a  (ireat  Department  — Ixplains  the  important  skills  to 
assist  vour  staff  in  the  improvement  ol  llicir  interpersonal  abilities.  Will  lielji  vou  lake  your  tlepartment  to  the  next  level.  By  Scott 
Reistad.  RRT.  4()-min.  audiotape.  Item  PAI)821  $15.00  ($20.00  Nonmembers) 
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AllostiTic  Modinuiliiiii  (>r  ()\,\i;in  l)i-liMr>  l)>   lloim)(;lohin     W.ilir 

JA.  Gcrbcr  M.  VciiK/  J,  B.ilii],.  N.  AncMh  Anal;j  JllOl  M;ir;y2(3):61.'>- 
620. 

llciiiDgloliin  altinily  lor  oxyycn  is  altciL-J  h)  pi  I.  icrii|vrauia',  arnl  hi^h 
altitude,  making  oxygen  more  readily  available  to  the  tissues.  RSRI.1 
(Alios  Therapeutics.  Denver.  CO),  an  analog  of  the  drugs  clofibrale  and 
he/orihrate,  causes  a  dose-dependenl.  rightward  shift  of  the  oxygen  dis- 
sociation curve  in  animals  and  humans.  We  tested  the  safety,  pharma- 
codynamic, and  pharmacokinetics  of  RSRl.^.  an  allostcric  modifier  of 
hemoglobin,  in  patients  ha\  ing  general  surgery  in  a  prospective,  random- 
ized, double-blinded,  placebo-controlled,  dose-escalation  clinical  trial. 
After  the  induction  of  general  anesthesia  with  endotracheal  intubation,  26 
patients  who  consented  were  randomly  assigned  to  receive  an  infusion  of 
RSRl.'  or  placebo  (2:1)  in  an  ascending  dose  scheme.  Doses  studied 
were  10.  20.  30.  40.  .SO.  60, 15.  and  100  mg/kg  infused  for  30-60  minutes. 
Samples  were  taken  for  determination  of  RSR 1 3  concentration  in  plasma, 
red  blood  cells,  and  urine,  as  well  as  for  determination  of  the  p.'iO  in  blood 
by  using  three-point  tonometry  at  frequent  inter\ais  after  the  infusion  of 
the  study  drug.  The  RSR  13  administration  resulted  in  a  dose-dependent 
rightward  shift  of  the  oxygen  dissociation  curve,  with  the  target  p50  shift 
of  10  mm  Hg  achie\ed  at  the  75-  and  lOOmg/kg  doses.  No  differences 
were  seen  between  RSR13  and  placebo  groups  in  laboratory  or  hemo- 
dynamic findings,  with  the  exception  of  a  transient,  limited  increase  in 
serum  creatinine  in  3  patients  who  received  RSR  13.  These  increases 
peaked  at  48  h  (2.2.  3.5.  and  4.5  mg/dL  respectively),  were  not  associated 
with  oliguria,  did  not  require  treatment,  and  did  not  prolong  hospitaliza- 
tion in  any  patient.  The  reasons  for  the  unexplained  increases  in  serum 
creatinine  were  not  evident,  but  potentially  included  surgery  itself  (ne- 
phrectomy), patient  condition,  or  the  concomitant  administration  of  re- 
nally  cleared  medications  or  drugs  that  affect  renal  blood  How.  IMPLI- 
CATIONS: We  studied  the  safety  and  tolerance  of  an  investigational 
drug.  RSR  13  (Alios  Therapeutics,  Denver.  CO),  in  general  surgery  pa- 
tients. This  drug,  which  increases  the  amount  of  oxygen  available  to  the 
body,  was  well  tolerated  by  the  17  patients  who  received  it.  There  were 
clinically  relevant  increases  in  serum  creatinine  in  3  patients,  indicating 
a  decrease  in  renal  function,  but  these  increases  were  short-lived  and 
resolved  without  treatment. 


The  Effect  of  Anxiety  and  Personality  on  the  Pliarinacol<inetics  of 
Oral  Midazolam — Martens-Lobenhoffer  J.  Eisenhardt  S.  Troger  U.  Rose 
W,  Meyer  HP.  Anesth  Analg  2(M)1  Mar:92(3):621-624. 

We  investigated  the  relationship  between  the  pharmacokinetic  variables 
of  oral  midazolam  and  patients'  stale/trait  anxiety  and  personality.  Twen- 
ty-six patients  received  the  standard  15-mg  oral  dose  for  anxiolysis  on  the 
evening  before  otorhinolaryngological  surgery.  Blood  samples  were  taken 
over  a  9-h  period  after  the  administration,  and  the  samples  were  analyzed 
for  concentrations  of  midazolam  and  its  two  main  metabolites  by  using 
a  gas  chromatography-mass  spectrometry  procedure.  The  pharmacoki- 
netic variables  maximum  concentration,  time  to  reach  the  maximum 
concentration,  the  elimination  half-life,  and  the  area  under  the  curve  were 
calculated  from  these  data.  When  the  patients  were  divided  into  groups 
with  respect  to  their  anxiety  and  personality  scores,  no  significant  dif- 
ferences in  the  pharmacokinetic  variables  of  midazolam  could  be  found. 
Only  small,  insignificant  changes  in  the  maximum  concentrations  were 
found  with  respect  to  nervousness  and  emotionality.  We  conclude  that 
personality  traits  and  anxiety  levels  had  no  effecl  on  the  pharmacokinetic 
variables  of  midazolam.  IMPLICATIONS:  We  conclude  that  personality 
traits  and  anxiety  levels  had  no  effect  on  the  pharmacokinetic  \ariables 
of  midazolam.  Therefore,  it  is  not  necessary  to  obtain  anxiety  or  person- 
ality scores  to  find  the  proper  midazolam  dose  for  the  individual  patient. 


Diaphratini  MiiMinent  Before  and  After  Cholecy.stectoiny:  A  Soiio- 
tiraphic  Study — Ayouh  J.  C'ohendy  R.  Prioux  J.  Ahmaidi  S.  Bourgeois 
.IM.  Dau/ai  M.  et  al.  Anesth  Analg  2(K)I  Mar.y2(3):755-76l. 

Respiratory  disorders  alter  abdonunal  surgery  are  commonly  explained 
by  changes  in  diaphragmatic  movement  that  are  difficult  to  demonstrate 
and  quantify.  Our  aim  was  thus  U)  quantify  these  changes  using  a  non- 
invasive method.  We  used  M-modc  sonography  for  the  prospective  study 
to  measure  diaphragmatic  amplitude  in  14  patients  before  and  after  cho- 
lecystectomy. During  quiet  breathing,  the  diaphragm  inspiratory  ampli- 
tude (DIA)  was  significantly  decreased  after  surgery  from  1.4  ±  0.2  cm 
to  I  ±  0. 1  cm  and  from  1 .6  ±  0.3  cm  to  1 .2  ±  0.3  cm  in  the  Laparoscopic 
and  Open  Cholecystectomy  groups,  respectively.  The  total  time  cycle  of 
diaphragmatic  motion  decreased  significantly  in  the  two  groups.  The 
DIA  also  decreased  significantly  during  deep  breathing  after  cholecys- 
tectomy from  6.0  ±  0.8  cm  to  3.0  ±  1.8  cm  and  from  6.1  ±  1.3  cm  to 
3.1  ±  1.6  cm  in  the  Laparoscopic  and  Open  Cholecystectomy  groups, 
respectively.  The  six  patients  who  underwent  spirometric  examination 
showed,  during  quiet  breathing,  a  significant  decrease  in  DIA  without 
change  in  tidal  volume,  i.e..  0.51  ±  0.08  L  to  0.45  ±  0.08  L.  We  found 
a  significant  decrease  in  DIA  after  cholecystectomy  and  a  significant 
interindividual  correlation  between  DIA  during  deep  inspiration  and  in- 
spiratory capacity.  Using  M-mode  sonography  techniques,  we  were  able 
to  demonstrate  changes  in  diaphragmatic  mobility  after  laparoscopic  or 
open  cholecystectomy.  IMPLICATIONS:  Cholecystectomy  at  times  re- 
sults in  impaired  respiratory  and  diaphragmatic  functions.  The  techniques 
currently  used  to  study  these  repercussions  are  both  laborious  and  inva- 
sive. Our  sonographic  technique  is  completely  noninvasive  and  can  be 
used  to  study  diaphragm  morphology  and  movement  in  real  time. 

Early  Childhood  Infectious  Diseases  and  the  Development  of  Asthma 
up  to  School  Ajje:  A  Birth  Cohort  Study — llli  S.  \on  Mutius  E.  Lau  S. 
Bergniann  R.  Niggemann  B.  Sommerfeld  C.  Wahn  V.  BMJ  2(101  Feb 
17:322(72831:390-395. 

OBJECTIVE:  To  investigate  the  association  between  eariy  childhood 
infections  and  subsequent  development  of  asthma.  DESIGN:  Longitudi- 
nal birth  cohort  study.  SETTING:  Five  children's  hospitals  in  five  Ger- 
man cities.  PARTICIPANTS:  1314  children  bom  in  1990  followed  from 
birth  to  the  age  of  7  years.  MAIN  OUTCOME  MEASURES:  Asthma  and 
asthmatic  .symptoms  assessed  longitudinally  by  parental  questionnaires; 
atopic  sensitisation  assessed  longitudinally  by  determination  of  IgE  con- 
centrations to  various  allergens:  bronchial  hyperreactivity  assessed  by 
bronchial  histamine  challenge  at  age  7  years.  RESULTS:  Compared  with 
children  with  £  1  episode  of  runny  nose  before  the  age  of  1  year,  those 
w  ith  a  2  episodes  were  less  likely  to  have  a  doctor's  diagnosis  of  asthma 
at  7  years  old  (odds  ratio  0.52  (957r  confidence  interval  0.29  to  0.92))  or 
to  have  wheeze  at  7  years  old  (0.60  (0.38  to  0.94)),  and  were  less  likely 
to  be  atopic  before  the  age  of  5  years.  Similarly,  having  a:  I  viral 
infection  of  the  herpes  type  in  the  first  3  years  of  life  was  inversely 
associated  w  ilh  asthma  at  age  7  (odds  ratio  0.48  (0.26  to  0.89)).  Repealed 
lower  respiratory  tract  infections  in  the  first  3  years  of  life  showed  a 
positive  association  with  wheeze  up  to  the  age  of  7  years  (odds  ratio  3.37 
(1.92  to  5.92)  for  2  4  infections  v  s  3  intections).  CONCLUSION: 
Repeated  viral  infections  other  than  lower  respiratory  tract  infections 
early  in  life  may  reduce  the  risk  of  developing  asthma  up  to  school  age. 

Predicted  Impact  of  .Attaining  Smoking  Reduction  (Joals  on  Mortal- 
ity- Silverstciii  MD.  Niclcrt  P.I.  Zollcr  JS.  Sihesin  CiA.  South  Med  J 
2001  Feh:94(2):l76-I83. 

The  impact  of  reducing  smoking  initiation,  increasing  smoking  cessation, 
and  combination  approaches  on  life  expectancy,  deaths  averted,  and  life- 
years  gained  in  a  birth  cohon  of  50.0(X)  persons  and  in  the  state  popu- 
lation (3.6  million)  were  analvzed.  A  609^  reduction  in  initiation  of 
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Miiokinj:  in  ;uK)li'M.cnls  would  incrciisc  life  cxpctlancy  by  0.42  years. 
Over  llie  nexl  l(X)  years,  there  would  be  an  additional  IX.()(K)years  of  life 
for  a  birth  cohort  and  an  additional  675.()(X)  years  of  life  for  the  state's 
population.  The  reduction  in  nionality,  however,  would  not  begin  before 
.^5  years,  and  only  2.^';  of  the  benelli  would  occur  in  the  nexl  70  years. 
,'\n  increase  in  smoking  cessation  would  ha\e  a  smaller  impact  that 
would  (Kcur  stumer.  Maximum  reduction  in  mortality  could  be  achieved 
h\  reducing  uiitiation  and  increasing  cessation  at  all  ages,  hul  a  reduction 
In  morlahlv  uouki  not  occur  lor  several  decades. 

I'ercutaiieous  Dilatalioiial  Ifaclicdslouiy  in  a  I'dininuiiily  Hospital 
Si'ttini; — Thompson  EC.  Fernandez  l.G.  Norwood  S,  Wilkins  II  3rd. 
Vallina  VL.  South  Med  J  2(X)1  Feb;94(2):20K-21 1. 

BACKGROUNO;  Over  the  past  15  years,  many  large  university  hospi- 
tals have  reported  their  experience  with  percutaneous  dilatalional  trache- 
ostomy (PDT).  The  purposes  of  this  study  are  lo  evaluate  the  safety  of 
PDT  in  a  non-university  hospital  setting  and  to  compare  our  results  with 
those  published  in  the  literature.  METHOD.S:  The  study  was  done  by 
retrospective  chart  review.  RESULTS:  Over  a  6-year  period.  300  PDTs 
were  done  in  two  community  hospitals  in  Tyler,  Texas.  There  was  one 
death  and  12  coinplications.  Comparison  of  our  results  and  those  reported 
in  five  recently  published  articles  in  the  literature  showed  no  signillcant 
difference  in  mortality  rate,  pneumothorax,  bleeding,  paralracheal  place- 
ment, dislodgement.  or  cellulitis.  There  was  a  trend  toward  a  signillcantly 
lower  incidence  of  paratracheal  placement  using  hronchoscopic  guid- 
ance. CONCLUSION:  Bedside  PD  T  v\  ith  hronchoscopic  guidance  can  be 
safely  done  in  a  community  hospital  setting. 

DLsseminuted  I'seudomonas  Aeruginosa  and  Necrotizin};  Pneumonia 
with  Complete  Recovery — Kumar  Vn.  Ra\akh:ih  K.  West  BC  South 
Med  J  2001  Keb:y4(2l:229-232. 

I'seiuloimmas  aeruginosa  pneumonia  and  recovery  with  treatment  are 
rare  in  healthy  individuals.  We  report  the  case  of  a  59-year-old  man  with 
P  aeriigimisd  skin  infection  and  sepsis,  later  giving  rise  to  necrotizing 
pneumonia  by  hematogenous  spread.  He  responded  to  prolonged  inten- 
sive care  and  .3  weeks  of  piperacillin-ta/obactam  and  tobramycin  therapy. 
There  was  no  evidence  of  immunosuppression  other  than  that  caused  by 
alcoholism  in  this  unusual  case.  The  resulting  cavity  healed  completeh 
by  fibrosis  in  1  year. 

Aerosolized  .\mikacin  in  the  Treatment  of  Pseudomonas  Pneumonia 
in  the  Nursinj;  Home  Setting — Standridge  JB.  Aliff  CL.  South  Med  J 
2001  Feb;94i2):244-6. 

Studies  have  shown  that  aerosolized  aminoglycosides  represent  a  safe 
and  effective  ineans  of  treating  pneumonia  due  to  Pseudomonas  sp.  Aero- 
.solized  aminoglycosides  have  been  shown  to  improve  clinical  outcome, 
with  less  risk  of  nephrotoxicity  relative  to  parenteral  aminoglycosides. 
Apparently  less  drug  resistance  is  associated  with  the  use  of  aerosolized 
aminoglycosides.  Cost  factors  favor  aerosolized  delivery  methods.  The 
full  recovery  experienced  by  the  patient  in  this  case  study  suggests  that 
aerosolized  amikacin  may  he  a  safe,  efficacious,  and  cost-effective  means 
of  treating  pseudomonal  pneumonia  in  geriatric  patients.  Controlled  clin- 
ical trials  should  be  conducted  to  further  investigate  this  treatment  reg- 
imen. 


lo  be  critical  to  improving  survival.  Use  of  automated  external  defibril- 
lators (AKDs)  has  become  an  Important  component  of  emergency  med- 
ical systems,  and  recent  advances  in  AED  technoh)gy  have  allowed  ex- 
pansion of  AED  use  lo  nonlradilional  first  responders  and  the  lay  public. 
OBJECTIVES:  To  examine  advancements  in  AED  technology,  review 
the  impact  of  .AEDs  on  time  to  defibrillation  and  survival,  and  explore  the 
future  role  of  AEDs  in  the  elfort  to  improve  survival  following  sudden 
cardiac  arrest.  DATA  SOURCliS:  MliDl.lNE  was  searched  for  articles 
from  1966  through  December  2000  (Medical  Subject  Headings:  electric 
counlershock.  heart  arrest,  resuscitation,  emergency  medical  services: 
keywords:  automatic  external  defibrillator,  automated  external  defibril- 
lator, public  access  defibrillation).  Reference  lists  of  relevant  articles, 
news  releases,  and  product  information  from  manufacturers  were  also 
reviewed.  STUDY  SELECTION:  Initial  MliDLlNE  search  produced  4K 16 
articles,  from  which  101  articles  were  selected  for  referencing  based  on 
having  been  published  in  a  peer-reviewed  journal  and  on  relevance  to  the 
subject  of  the  manuscript  as  determined  by  all  5  authors.  DATA  EX- 
TRACTION: All  studies  were  critically  reviewed  for  relevance,  accu- 
racy, and  quality  of  data  and  study  design  by  all  authors.  DATA  SYN- 
THESIS: Recent  advances  in  AED  technology  and  design  have  resulted 
in  marked  siinplification  of  AED  operation,  improvements  in  accuracy 
and  effectiveness,  and  reductions  in  cost.  Use  of  AEDs  by  first  respond- 
ers and  laypersons  has  reduced  time  to  defibrillation  and  improved  sur- 
vival from  sudden  cardiac  arrest  in  several  communities.  Initial  studies  of 
the  cost-effectiveness  of  AED  use  in  comparison  w  ith  other  commonly 
used  treatments  arc  favorable.  CONCLUSION:  The  AED  represents  an 
efficient  method  of  delivering  defibrillation  to  persons  experiencing  out- 
of-hospital  cardiac  arrest  and  its  use  by  both  traditional  and  nonlradi- 
tional  first  responders  appears  to  be  safe  and  effective.  The  rapidly  ex- 
panding role  of  AEDs  in  traditional  emergency  medical  systems  is 
supported  by  the  literature,  and  initial  studies  of  public  access  to  defi- 
brillation offer  hope  that  further  improvements  in  survival  after  sudden 
cardiac  death  can  be  achieved. 

Monitorinj;  and  Ensuring  .Safety  During  Clinical  Research — Morse 

MA.  CahlT  RM.  Sugarman  J.  JA.MA  2(1111  Mar  7:285(9i:1201-I205. 

Increased  numbers  of  clinical  trials,  many  of  which  are  large,  multi- 
center,  and  sometimes  international,  and  the  marked  shift  of  funding  for 
clinical  trials  to  industry  have  made  apparent  the  inadequacy  of  mecha- 
nisms for  protecting  human  subjects  that  were  developed  when  clinical 
research  was  generally  carried  out  on  a  small  scale  at  single  institutions. 
To  address  concerns  regarding  the  protection  of  human  subjects,  a  group 
of  professionals  with  expertise  in  various  aspects  of  clinical  trials  was 
assembled  In  May  2(HK).  Participants  described  and  evaluated  the  mech- 
anisms by  which  clinical  trials  are  monitored,  focusing  on  adverse  event 
reporting  and  the  processes  by  which  various  parlies  with  oversight  re- 
sponsibilities interact  in  the  course  of  these  trials.  In  this  article,  we 
describe  the  manner  in  which  adverse  event  reporting  might  function  lo 
enhance  safety  and  the  role  of  data  monitoring  committees  in  using 
aggregate  data  from  these  reports,  outlme  the  problems  that  now  exist  for 
Institutional  review  boards  as  they  are  faced  with  multiple  adverse  event 
reports  from  clinical  trials  while  conducting  continuing  revievi.  and  offer 
rcconimcntlalions  for  improving  the  current  approach. 

Conllict  Resolution  at  the  End  of  Lire— Fetters  MD.  Churchill  L,  Danis 
M.  Cril  Care  Med  2(X)l;29(5):921-925. 


Ini|)ni\ing  Sur\i\al  from  Sudden  Cardiac  Arrest:  The  Role  of  the 
.\ut(imated  External  Defibrillator — Marcnco  JP.  Wang  I'J.  Link  MS. 
Honiimd  MK.  I-stcs  NA  3rd.  JA.MA  2001  Mar  7:2S.'S(9(:  1 193-12(K). 

CONTEXT:  Sudden  cardiac  death  is  a  major  public  health  problem  m  the 
United  States,  and  improving  survival  after  out-of-hospital  cardiac  arrest 
has  been  the  subject  of  intense  study.  Early  defibrillation  has  been  shown 


OBJECTIVE:  limited  empirical  research  has  ex;unined  how  decisions 
are  made  when  the  prelerences  of  terminally  ill  patients  conllict  with 
physicians'  recommendations  This  study  sought  to  investigate  physi- 
cians' strategies  for  resolving  conflicts  with  dying  patients.  DESIGN: 
Cross-sectional,  qualitative  interviews.  SUBJECTS:  Subjects  were  158 
physicians  caring  for  at  least  one  terminally  ill  patient.  SETTING:  Uni- 
versity medical  center.  MEASUREMENTS  AND  MAIN  RESULTS:  We 
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Deep  in  the  Heart  of  Texas. . . 

in  the  midst  of  its  bluebonnet-bedecked  Hill  Country  is  the  city  of 

San  Antonio,  one  of  the  country's  truly  unique  cities.  Explore  the 

city  and  its  countryside,  while  you  also  explore  the  newest  and  best 

in  respiratory  care  at  the  47th  International  Respiratory  Congress. 

Learn  more  about  San  Antonio's  offerings  at  www.sanantoniocvb.com 
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December  1-4, 2QQ1*  San  oRntonto,  Texas  USoR 

Experience  the  Best  of  the  Science,  Tradition,  and 
Future  of  Respiratory  Care 

28th  Annual  Donald  F  Egan  Scientific  Lecture 
CORD  —  On  the  Exponential  Curve  of  Progress 

John  Heffner  MD,  of  the  Medical  University  of  South  Carolina,  will  address  COPD  and  its 
growing  significance  for  respiratory  therapists. 


17th  Annual  Phil  Kittredge  Memorial  Lecture 

Mechanical  Ventilation:  How  Did  We  Get  Here  and  Where  Are  We  Going? 

Among  therapists,  Rich  Branson  RRT  FAARC.  of  the  University  of  Cincinnati  Medical  Center, 
is  well  recognized  as  an  authority  and  visionary  when  it  comes  to  mechanical  ventilation. 

27th  Annual  Open  Forum 

Hundreds  of  original  research  papers  will  be  showcased  over  the  four  days  of  the  Congress, 
reviewing  the  latest  in  pediatric,  adult,  critical  care,  home  care,  and  education.  (You  can  still  submit 
your  research  project  -  deadline  July  31).  Learn  about  cutting-edge  research  in  the  Open  Forum  and 
see  the  latest  technology  in  the  Exhibit  Hall. 

17th  Annual  New  Horizons  Symposium 

This  year  the  topic  is  airway  clearance  techniques.  This  featured  symposium  attracts  an  audience 
of  hundreds  who  come  to  immerse  themselves  in  the  most  thorough  review  of  a  clinical  topic. 


^ 


Secure  your  early  bird  low-cost  registration  fee  now.  Register 

online  at  www.aarc.org.  Also,  continue  checking  the  AARC  web 

site  for  the  latest  information  on  the  Congress. 

The  AARC's  International  Respiratory  Congress  is  the  gold  standard  of  respiratory  care 
meetings.  The  Congress  boasts: 

•  The  lowest  cost  of  continuing  education  per  credit  of  any  show,  anywhere. 

•  The  largest  and  most  impressive  Exhibit  Hall  with  the  most  vendors,  where  you  can  make  your  best  deals 

on  major  purchases  AT  THE  SHOW! 

•  The  largest  gathering  of  respiratory  care  experts  and  opinion-makers  in  the  world. 

•  The  most  diverse  and  most  dynamic  senes  of  lectures. 

•  The  most  opportunities  for  YOU  to  participate  in  your  profession  through  research  and  networking. 
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Abstracts 


aiiMK/cil  plnsicians'  responses  lo  Ihe  open-ended  inlcrview  questions. 
"How  do  you  handle  a  situation  when  a  patient  wants  a  treatment  thai  you 
bcheve  does  not  provide  any  benetlt?"  and  "How  do  you  handle  a  situ- 
ation when  a  patient  does  not  want  a  treatment  you  think  would  be 
benencial'"  For  patient  requests  ol  nonbenelKial  treatments,  physicians 
reported  the  followinj;  as  important:  nej;olialing  with  and  educating  pa- 
tients (TITr).  deferring  to  patient  requests  lor  benign  or  uncomplicated 
treatments  (.^4'7rl,  convincing  patients  to  toigo  treatments  iiy/r).  refus- 
ing patient  requests  for  nonbeneficial  treatment  (227f ).  using  family  in- 
fluence ( leVr).  not  offering  futile  Ircatment.s  (\i%).  and  referring  to  other 
physicians  for  disputed  care  (9%).  Potential  harm  (23%)  and  cost  of 
treatment  (187r)  were  reasons  cited  for  withholding  treatments.  In  re- 
sponse to  patient  refusals  of  beneficial  treatments,  physicians  report  the 
following  as  important:  negotiating  with  patients  (.SyVr ).  convincing  pa- 
tients to  receive  treatment  (4l';'r).  assessing  patient  competence  (32%). 
using  family  influence  (27%).  and  referring  to  other  physicians  (219!-). 
CONCLUSIONS:  Physicians  vary  in  the  communication  and  negotiation 
strategies  they  use  when  their  medical  judgment  conflicts  with  dying 
patients'  preferences.  Medical  ethicists  could  play  a  greater  role  in  teach- 
ing ethically  important  communication  skills.  Physicians  providing  care 
at  the  end  of  life  report  strategies  for  respecting  patients  that  reflect 
graduated  degrees  of  accommodation  tailored  to  the  costliness  and  risk- 
iness of  requests;  they  are  most  accepting  of  patient  requests  for  benign, 
technicallv  easy,  inexpensive,  and  medically  effective  treatments. 

A  Prospective,  Randomized  Study  Comparing  Percutaneous  with 
Surgical  Tracheostomy  in  Critically  111  Patients— Freeman  BD.  Isa- 
bella K.  Cobb  IP.  Boyle  WA  3rd.  Schmieg  RE  Jr.  Kolleff  MH,  et  al.  Crit 
Care  Med  200l;29(.';):y26-y3(). 

OBJECTIVE:  To  determine  the  relative  cost-effectiveness  of  percutane- 
ous dilational  tracheostomy  (PDT)  and  surgical  tracheostomy  (ST)  in 
critically  ill  patients.  DESIGN:  Prospective  randomized  study.  SETTING: 
Medical,  surgical,  and  coronary  intensive  care  units  at  Barnes-Jewish 
Hospital,  a  tertiary  care  medical  center.  PATIENTS:  Eighty  critically  ill 
mechanically  ventilated  patients  requiring  elective  tracheostomy.  INTER- 
VENTIONS: Randomization  to  either  PDT  performed  in  the  intensive 
care  unit  or  ST  pertormed  in  the  operating  room.  MEASUREMENTS 
AND  MAIN  RESULTS:  Treatment  groups  were  well  matched  with  re- 
spect to  age  (PDT.  65.44  ±  2.82  [mean  ±  se)  years;  ST,  61.4  ±  2.89 
years,  p  =  Ns).  gender  (PDT.  45%  males;  ST.  47.5%  males,  p  =  NSl. 
severity  of  illness  (Acute  Physiology  and  Chronic  Health  Evaluation  II 
score:  PDT.  16.87  ±  0.84;  ST.  17.88  ±  0.92,  p  =  NS),  and  principle 
diagnosis.  PDT  was  performed  more  quickly  (PDT,  20.1  ±  2.0  mins;  ST. 
41.7  ±  3.9  mins.  p  <  0.0001)  and  was  associated  with  lower  patient 
charges  than  ST  (total  patient  charges:  PDT.  1.569  dollars  ±  157  dollars 
vs.  ST,  3,172  dollars  ±  1 14  dollars:  equipment/supply  charges:  PDT.  688 
dollars  ±  103  dollars  vs.  ST.  1.526  dollars  ±  S7  dollars:  professional 
charges:  PDT.  880  dollars  ±  54  dollars  vs.  .ST.  1.647  dollars  ±  50 
dollars;  p  <0.000l  for  all).  There  were  no  differences  in  days  intubated 
before  tracheostomy  (PDT.  12.7  ±  1.1  days;  ST.  15.6  ±  1.9.  p  =  0.20). 
intensive  care  unit  length  of  stay  (PDT.  24.5  ±  2.5  days;  ST.  28.5  ±  3. 1 
days,  p  =  0.33).  or  hospital  length  of  stay  (PDT  49.7  ±  4.2  days;  ST, 
43.7  ±  3.5  days,  p  =  0.28)  when  we  compared  these  two  techniques. 
CONCLUSIONS:  PDT  is  a  cost-effective  alternative  to  ST.  The  reduc- 
tion in  patient  charges  associated  w  ith  PDT  in  this  study  resulted  from  the 
prtKcdure  being  performed  in  the  intensive  care  unit,  thus  eliminating 
the  need  for  operating  rixmi  facilities  and  personnel.  PDT  may  become  the 
procedure  of  choice  for  electiveh  establishing  tracheostomy  in  the  appro- 
priately selected  patient  who  requires  long-term  mechanical  ventilation. 

Kiporl  on  Ihe  Developmcnl  of  a  I'nicedure  to  I'riMnl  I'lacement  of 
Feeding  Tubes  into  the  Lungs  I  sing  Knd-  lidal  CO,  Measurements 

Burns  SM.  Carpenter  K.  Iruwit  JD.  Cm  Care  Med  :()()I:29(5|:936-9.W. 


OBJECTIVE:  To  determine  the  accuracy  of  a  technique  using  capnog- 
raphy  to  prevent  inadvertent  placement  of  small-bore  feeding  tubes  and 
Salem  sump  tubes  into  the  lungs.  SETTING:  Twelve-bed  medical  inten- 
sive care  unit  (MICU)  in  a  557-bed  teaching  hospital.  PATIENTS:  A 
total  of  25  ventilated  adult  MICU  patients  were  studied-5  in  phase  I  and 
20  in  phase  2.  DESIGN:  Phase  1  tested  the  ability  of  the  end-tidal  CO, 
(eiCO,)  monitor  to  delect  flow  (and  thus  accurately  detect  CO,)  through 
small-bore  feeding  tubes.  A  small-bore  feeding  tube,  with  stylet  in  place, 
was  placed  5  cm  through  the  top  of  the  tracheostomy  tube  ventilator 
adapter  in  five  consecutive  patients.  The  distal  end  of  the  feeding  tube 
was  attached  to  the  etCO,  monitor.  The  etCO,  level  and  waveform  were 
assessed  and  recorded.  Because  CO,  waveforms  were  successfully  de- 
tected, a  convenience  sample  of  20  adult  MICU  patients  who  were  hav- 
ing feeding  tubes  placed  (13  Salem  sump  lubes.  7  small-bore  feeding 
lubes)  was  then  studied.  The  technique  consisted  of  attaching  the  etCO, 
monitor  to  the  tubes  and  observing  the  etCO,  waveform  throughout 
placement.  RESULTS:  The  study  hypothesis  was  supported.  Of  the  seven 
small-bore  feeding  tubes  tested,  all  were  successfully  placed  on  initial 
insertion.  Placement  was  confirmed  by  absence  of  an  etCO,  waveform 
and  by  radiograph.  Of  the  1 3  Salem  sump  tubes.  9  were  placed  success- 
fully on  first  attempt  and  confirmed  by  absence  of  CO,  and  by  air  bolus 
and  aspiration  of  stomach  contents.  etCO,  waveforms  were  detected  with 
insertion  of  four  of  the  Salem  sump  tubes;  the  tubes  were  immediately 
withdrawn,  and  placement  was  reattempted  until  successful.  CONCLU- 
SIONS: The  technique  described  is  a  simple,  cost-effective  method  of 
assuring  accurate  gastric  tube  placement  in  critically  ill  patients. 

Assessment  of  Two  Hand  Hygiene  Regimens  for  Intensive  Care  Unit 
Personnel— Larson  EL.  Aiello  AE.  Bastyr  J.  Lyie  C.  Stahl  J,  Cronquist 
A.  et  al.  Crit  Care  Med  20Ol;29(5):944-95l. 

OBJECTIVE:  To  compare  skin  condition  and  skin  microbiology  among 
intensive  care  unit  personnel  using  one  of  two  randomly  assigned  hand 
hygiene  regimens:  a  2%  chlorhexidine  gluconate  (CHG)-containing  tra- 
ditional antiseptic  wash  and  a  wateriess  handrub  containing  61%  ethanol 
with  emollients  (ALC).  DESIGN:  Prospective,  randomized  clinical  trial. 
SETTING:  Two  cntical  care  units  (medical  and  surgical)  in  a  large, 
metropolitan  academic  health  center  in  Manhattan.  SUBJECTS:  Fifty 
staff  members  (physicians,  nurses,  housekeepers,  respiratory  therapists) 
working  full  lime  in  the  intensive  care  unit.  INTERVENTIONS:  One  of 
two  hand  hygiene  regimens  randomly  assigned  for  four  consecutive  weeks, 
MEASUREMENTS  AND  MAIN  RESULTS:  The  two  outcomes  were 
skin  condition  (measured  by  two  tools:  Hand  Skin  Assessment  form  and 
Visual  Skin  Scaling  form)  and  skin  microbiology.  Samples  were  obtained 
at  baseline,  on  day  1.  and  at  the  end  of  wks  2  and  4.  Participants  in  Ihe 
ALC  group  had  significant  improvements  in  the  Hand  Skin  Assessment 
scores  at  wk  4  (p  =  0.04)  and  in  Visual  Skin  Scaling  scores  at  wks  3  (p  = 
0.01 )  and  4  (p  =  O.OOOSl.  There  were  no  signific;inl  differences  in  num- 
bers of  colony-forming  units  between  participants  in  the  CHG  or  ALC 
group  at  any  time  period.  The  ALC  regimen  required  significantly  less 
time  than  the  CHG  regimen  (mean:  12.7  sees  and  21.1  sees,  respectively; 
p  =  0.000)  and  resulted  in  a  50%  reduction  in  material  costs.  CONCLU- 
SIONS: Changes  in  hand  hygiene  practices  in  acute  care  settings  from  Ihe 
traditional  antiseptic  w  ash  to  use  of  plain,  mild  soap  and  an  alcohol-based 
product  should  be  considered.  Further  research  is  needed  to  examine  the 
association  between  use  of  antiseptic  products  for  hand  hygiene  of  stall 
and  reductions  in  nosocomial  infection  rates  among  patients. 

Breathing  Pattern  and  Perception  al  Different  Levels  of  Volume 
.\ssist  and  Pressure  Support  in  Volunteers — Mols  G.  Vetter  T. 
llahcrthurC.  Geiger  K.  Guiim.inii  J  Crit  Care  Med  2(X)l;29(5):982-988. 

(OBJECTIVE:  Volume  assist  (V.^)  amplifies  Ihe  breathing  effort  wtiereas 
pressure  support  sentilalion  iPSV)  provides  a  fixed,  effort-independent 
ventilatory  support.  According  lo  the  concept  of  VA.  its  level  should 
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Meet  Regulatory  CE 
Requirements  the  Easy  Way! 


K  i' s  u  I  r  a  I  o  r  y    Care    CE    Credits:    Lach  piuyrjm  jppruvcd  (or 

hour  of  continuing  education  credit  tDy  Continuing  Respiratory  Care  Education  (CRCE) 

Nursing    CE    Credit:    Each  program  is  approved  for  l  2  hours  of  con 
tinuing  education  credit  by  the  Te^s  Nurse  Association 
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Taking  the  Mystery 
Out  of  Weanirig  the 
Pediatric  Patient 
from  the  Ventilator 

Peter  Betit,  BS,  RRX  FAARC. 
and  Richard  D.  Branson, 
BA.  RRT.  FA^C 

Learn  when  to  begin  the  process;  how 
to  recognize  critical  events  in  weaning 
a  pediatric  patient,  and  why  weaning 
of  the  pediatric  patient  is  different. 


Videowpe  available 


program 
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Pulmonary  Rehabilitation: 
Standard  Care  for  Chronic 
Lung  Disease  Patients 

Trina  Limberg,  BS.  RRT.  and 
Thomas  J,  Kallstrom,  RRT,  FAARC 

Presentation  details  when  to  refer  a 
patient  for  pulmonary  rehabilitation; 
how  to  successfully  operate  a  rehabili- 
tation service,  and  how  to  prepare  a 
treatment  plan  during  assessment. 

Videotape  available 


program 
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Noninvasive  Ventilation: 
The  Latest  Word 

Dean  R.  Hess,  PhD.  RRT  FAARC.  and 
Richard  D.Branson.  BA  RRT  FAARC 

Learn  how  to  avoid  intubation 
through  identification  of  patients  most 
likely  to  benefit  from  noninvasive  venti- 
lation. Learn  selection  and  proper  fit  of 
full  masks  or  nasal  masks  and  how  to 
select  the  proper  ventilator 


Videotape  available 


program 

Education  of  the 
Patient  with  Asthma 


4! 


^ 


Tracey  Mitchell.  RRT  RPFT.  and 
Thomas  J   Kallstrom.  RRT  FAARC 

This  program  teaches  how  to  ensure 
ttTat  patients  understand  the  disease 
and  their  cane  plan  for  effective  disease 
management.  And.  it  details  what 
patient  education  matenals  are  available- 
Sponsored  in  part  by  an  educational 
grant  from  Sepracor.  Inc. 


Videotape  available 


program 
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ARDS:  The  Disease  and 
Its  Management 

Leonard  D.  Hudson.  MD, 

and  David  J.  Pierson,  MD,  FAARC 

Presents  ARDS  diagnostic  criteria  and 
clinical  risk  factors.  Teaches  viewers  the 
implications  of  the  lower  and  upper 
inflection  points  on  the  pressure-voF 
ume  curve;  and  the  calculation  of  esti- 
mated required  tidal  volume. 

Videotape  available 


program 

New  Respiratory  Drugs: 
What,  When,  and  Hew? 

Joseph  L.  Rau.  PhD,  RRT  FAARC. 
and  Patrick  J.  Dunne.  MEd.  RRT 
FAARC 

Learn  racemic  drug  mixtures  and  sin- 
gle isomers  and  their  effeaive  duration 
and  how  they  lower  costs  and 
improve  patient  responses.  Viewers 
learn  the  use  of  improved  anticholiner- 
gics and  inhaled  anti-infective  agents. 

Sponsored  in  part  by  an  educational 
grant  from  Sepracor.  Inc. 

Live  Videoconference  - 

Aug.14.  1 1:30  a.m.-  1:00  p  m   CDT 

Teleconference  ■.vth  Videorap- 

Sept  II.  II  30  am  -  12:00  Noon  CDT 


program 

Invasive  Ventilation 
The  Latest  Word 


i£' 


Richard  Kallet,  MS,  RRT  and  Richard 
D.  Branson,  BA  RRT,  FAARC 

Learn  how  to  avoid  harming  the 
patient  and  understand  the  function 
and  also  learn  how  reducing  the  work 
of  breathing  reduces  the  addiDonal 
load  on  ventilatory  musculanjre,  and 
about  ranflating  lungs  and  enhancing 
the  ftjnctional  area  of  the  lung 

Live  Videoconference  - 

Sept  25.  II  :30  a.m.-  1:00  pm  CI3T 

Teleconference  with  VtCeolc':.- 

Oct.  16.  11 :30  a.m.- 12:00  Noon  CDT 

program 

Test  Your  Lungs,  Know  Your 
Numbers,  Prevent  Emphysema 

Thomas  L.  Petty,  MD,  FAARC.  and 
David  J.  Pierson.  MD.  FAARC 

Reviews  the  signs  of  COPD  with  empha- 
sis on  emphysema  and  on  the  measures 
used  to  relieve  symptcxns  and  skjw  the 
disease  progression.  Covers  the  impor- 
tance of  pulmonary  funcBon  tests. 
Sponsored  in  part  by  an  educational 
grant  from  Boehnnger  Ingelheim.  Inc 

.  e  Videoconference 
Oct.  23,  1 1:30  a.m.  -  1 :00  pm  COT 
■.  econference  with  Videotape 
Nov.  20,  1 1 :30  a.m.  - 1 2:00  Noon  CDT 


REGISTRATION 


n  SINGLE  PROGRAMS 

$245  Per  Facility  |S2 1 5  for  AARC  Members) 

D  Payment  Enclosed.      Charge  to:  D  Visa   D  Mastercard 

D  Purchase  Order  (PO.) 

Credit  Card  or  PO.  No     

Exp.  Date  

Signature  IHequna  la  credit  CaO  and  PC  I       

Amount  of  Order  S AARC  Member  No.  

(RequirMj  ten  Oiicouni) 

SHIP  PROGRAM  MATERIALS  TO  (NO  POST  OFFICE  BOXES): 

Name 


Department 

Facility  

Address  

City/State/Zip 
Telephone 


E-mail  Address 


Bia  TO  (IF  DIFFERENT  FROM  SHIPPING  ADDRESS): 

Name 

Department  

Facility  

Address  

City/State/Zip  

Telephone 


RECEPTION  OPTIONS 

(You  Must  Select  One  Only) 

D  Uve  Television  Videoconference  |C-Band) 
D  Teleconference  with  Videotape  and  Telephone  O&A 
\'i'  f«  'otape  Only  (No  CE  Credit)  • 

.'.J  no(  tx-  .V.U.***;  until  ."iRc*  int*  .•.- 

CHECK  THE  DESIRED  PROGRAMS 

~  Entire  Series  of  Eight 
Z  #  I  Videotape  only 
O  tf2  Videotape  only 
Z  #3  Videotape  only 
n  It4  Videotape  only 
J  #5 

:z  ttb 
citv 
am 


j^ 


PROFESSOR  S  ROUNDS  2001 

Telephone  (972)  243-2272 

Facsimile  (972)  484-2720 

1 1 030  Abies  Lane  •  Dallas.  Texas  75229-4593 


Abstracts 


compensate  for  the  pathologically  increased  (additional)  elastance  (Eadd). 
However,  it  is  unclear  whether  breathing  subjects  prefer  an  exact  com- 
pensation of  Eadd  and  whether  they  are  able  to  adjust  the  support  level 
by  themselves.  DESIGN:  Prospective,  interventional  study.  SETTING; 
Laboratory.  SUBJECTS:  Twelve  healthy  volunteers,  nine  females,  three 
males,  aged  21-.^.^  yrs.  INTERVENTIONS:  Increased  Eadd  was  gener- 
ated by  banding  of  the  thorax  and  abdomen.  Volunteers  breathed  via  a 
mouthpiece  with  \'.\  or  PSV  using  a  positive  eiul-expiratory  pressure  of 
5  cm  H,0  (0..S  kPal.  The  study  was  subdivided  into  two  parts.  In  part  1. 
volunteers  were  instructed  to  adjust  the  level  of  VA  and  PSV  themselves 
starting  from  three  different,  randomly  applied  levels  in  each  mode  (2,  8. 
14  cm  H,0  or  cm  H,0/I.;  0.2.  0.8,  1.4  kPa|/Ll).  In  part  II.  20  levels  of 
VA  and  PSV  (1-20  cm  H,0  or  cm  H,0/L.  0.1-2  kPa|/Ll)  were  randomly 
selected  by  an  investigator  and  estimated  by  the  volunteers  using  a  visual 
analog  scale.  Additionally,  the  breathing  pattern  was  characterized.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  Eadd  (7.1  ±  1.5  cm  H,0/L 
|0.7  i  0.2  kPa/L].  mean  ±  sd)  corresponded  altuost  exactly  to  the 
"self-adjusted"  VA  level  of  part  I  (7.0  ±  3.3  cm  H,0/L  |0.7  ±  0.3  kPayO.!) 
and  to  the  adequate  level  of  pan  II  (8-9  cm  H,0/L  |().8-0.9  kPa/L]).  The 
accordant  PSV  levels  were  5.7  ±  2.6  cm  H,0  (0.6  ±  0.3  kPa)  and  6-7 
cm  H^O  (0.6-0.7  kPa).  The  breathing  pattern  was  less  influenced  by 
changes  of  the  support  level  with  VA  compared  with  PSV,  which  may 
explain  in  part  the  greater  comfort  of  VA.  CONCLUSIONS:  We  con- 
firmed the  theoretical  assumption  that  VA  should  be  adapted  to  Eadd. 
Furthermore,  we  demonstrated  that  conscious  subjects  are  able  to  adjust 
the  level  of  VA  and  PSV  themselves. 

Altered  .\lveolar  Mechanics  in  the  Acutely  Injured  Lung — Schiller 
HJ,  McCann  UG  2nd,  Carney  DE,  Gatto  LA.  Steinberg  JM.  Nieman  GE. 
Crit  Care  Med  2001 -,29(5):  1049- 1055. 

OBJECTIVES:  Alterations  in  alveolar  mechanics  ( i.e..  the  dynamic  change 
in  alveolar  size  during  tidal  ventilalionl  are  thought  to  play  a  critical  role 
in  acute  lung  injuries  such  as  acute  respiratory  distress  syndrome  (ARDS). 
In  this  study,  we  describe  and  quantify  the  dynamic  changes  in  alveolar 
mechanics  of  individual  alveoli  in  a  porcine  ARDS  model  by  direct 
visualization  using  in  vivo  microscopy.  DESIGN:  Prospective,  observa- 
tional, controlled  study.  SETTING:  University  research  laboratory.  SUB- 
JECTS: Ten  adult  pigs.  INTERVENTIONS:  Pigs  were  anesthetized  and 
placed  on  mechanical  ventilation,  underwent  a  left  thoracotomy,  and 
were  separated  into  the  following  two  groups  post  hoc:  a  control  group 
of  instrumented  animals  with  no  lung  injury  (n  =  5).  and  a  lung  injury 
group  in  which  lung  injury  was  induced  by  tracheal  Tween  instillation, 
causing  surfactant  deactivation  (n  =  5).  Pulmonary  and  systemic  hemo- 
dynamics, blood  gases,  lung  pressures,  subpleural  blood  (low  (laser  Dopp- 
ler).  and  alveolar  mechanics  (in  vivo  microscopy)  were  measured  in  both 
groups.  Alveolar  size  was  measured  at  peak  inspiration  (1)  and  end  ex- 
piration (E)  on  individual  subpleural  alveoli  by  image  analysis.  Histo- 
logic sections  of  lung  tissue  were  taken  at  necropsy  from  the  injury 
group.  MEASUREMENTS  AND  MAIN  RESULTS:  In  the  acutely  in- 
jured lung,  three  distinct  alveolar  intlation-detlation  patterns  were  ob- 
served and  classified:  type  I  alveoli  (n  =  37)  changed  size  minimally 
(I  -  EA  =  367  ±  88  fim")  during  tidal  ventilation;  type  II  alveoli  (n  = 
37)  changed  size  dramatically  (I  -  EA  =  9326  ±  1010  finr)  with  tidal 
ventilation  but  did  not  totally  collapse  at  end  expiration;  and  type  III 
alveoli  (n  =  12)  demonstrated  an  even  greater  size  change  than  did  type 
II  alveoli  (I  -  EA  =  15,418  ±  1995  ^im"),  and  were  distinguished  from 
type  II  in  that  they  totally  collapsed  at  end  expiration  (atelectasis)  and 
reinflated  during  inspiration.  We  have  termed  the  abnormal  alveolar  in- 
flation pattern  of  type  II  and  III  alveoli  "repetitive  alveolar  collapse  and 
expansion"  (RACE).  RACE  describes  all  alve<ili  that  visibly  change  vol- 
ume with  ventilation,  regardless  of  whether  these  alveoli  collapse  totalK 
(type  III)  at  end  expiration.  Thus,  the  term  "collapse"  in  RACE  refers  Ui 
a  visibly  obvious  collapse  of  the  alveolus  during  expiration,  whether  this 
collapse  is  total  or  panial.  In  the  normal  lung,  all  alveoli  measured 


exhibited  type  1  mechanics.  Alveoli  were  significantly  larger  at  peak 
inspiration  in  type  II  (18,266  ±  1317  /xm",  n  =  37)  and  III  (15,418  ± 
1995  fim',  n  =  12)  alveoli  as  compared  with  type  I  (8214  ±  655  /nm", 
n  =  37).  Tween  caused  a  heterogenous  lung  injury  with  areas  of  normal 
alveolar  mechanics  adjacent  to  areas  of  abnormal  alveolar  mechanics. 
Subsequent  histologic  sections  from  normal  areas  exhibited  no  pathol- 
ogy, whereas  lung  tissue  from  areas  with  RACE  mechanics  demonstrated 
:ilveolar  collapse,  atelectasis,  and  leukocyte  infiltration.  CONCLUSION: 
Alveolar  mechanics  are  altered  in  the  acutely  injured  lung  as  demon- 
strated by  the  development  of  alveolar  instability  (RACE)  and  the  in- 
crease in  alveolar  size  at  peak  inspiration.  Alveolar  instability  varied 
from  alveolus  to  alveolus  in  the  same  microscopic  field  and  included 
alveoli  that  changed  area  greatly  with  tidal  ventilation  but  remained 
patent  at  end  expiration  and  those  that  totally  collapsed  and  reexpanded 
with  each  breath.  Thus,  alterations  in  alveolar  mechanics  in  the  acutely 
injured  lung  are  complex,  and  attempts  to  assess  what  may  be  occurring 
at  the  alveolar  level  from  analysis  of  infiection  points  on  the  whole-lung 
pressure/volume  curve  are  likely  to  be  erroneous.  We  speculate  that  the 
mechanism  of  ventilator-induced  lung  injury  may  involve  altered  alve- 
olar mechanics,  specifically  RACE  and  alveolar  overdistension. 

Use  of  Computerized  Tomography  and  Chest  X-Kajs  in  E\aluating 
Efficacy  of  Aerosolized  Recombinant  Human  DNasc  in  Cystic  Fibro- 
sis Patients  Younger  than  .\ge  5  years:  A  Preliminary  Study— Nasr 

SZ,  Kuhns  LR,  Brown  RW,  Hurwitz  ME.  Sanders  GM.  Strouse  PJ.  Pe- 
diatr  Pulmonol  2l)0l;31(5):377-382. 

The  aim  of  this  study  was  to  evaluate  the  ability  of  high-resolution 
computerized  tomography  (HRCT)  of  the  chest  and  chest  x-rays  (CXR) 
to  determine  efficacy  of  inhaled  recombinant  human  DNase  (rhDNase)  in 
cystic  fibrosis  (CF)  patients  younger  than  5  years  of  age.  A  randomized, 
double-blind,  placebo-controlled  pilot  study  of  12  patients  with  CF 
younger  than  5  years  of  age.  attending  the  University  of  Michigan  Cystic 
Fibrosis  Center  (Ann  Arbor.  Ml)  was  conducted.  The  changes  in  the 
HRCT  and  CXR  score  from  baseline  to  day  100  of  therapy  were  assessed 
using  a  previously  validated  scoring  system.  The  mean  changes  of  HRCT 
scores  between  the  rhDNase  and  placebo  groups  were  found  to  be  sig- 
nificant at  the  95'/r  level,  with  mean  change  ±  SE  mean  of  -  1 .00  ±  0.53 
and  0.58  ±  0.24  for  rhDNase  and  placebo  groups,  respectnely  (p  = 
0.02).  The  difference  in  CXR  score  was  not  significant  between  the  two 
groups.  An  analysis  was  performed  to  relate  HRCT  subscores  to  CXR 
score;  only  thickening  of  the  intra-interlobular  septae  was  significantly 
correlated  with  the  total  CXR  score  (r  =  -  0.7.  p  <  0.01).  There  was 
improvement  in  the  parents'  assessments  of  the  patients'  well-being,  with 
improvement  in  physical  activity,  decreased  cough,  sleep  quality,  and 
appetite  in  those  subjects  receiving  rhDNase.  We  conclude  that  the  ad- 
ministration of  rhDNase  was  associated  with  improvement  in  the  HRCT 
scan  in  CF  patients  younger  than  5  years  of  age.  Findings  indicate  that 
HRCT  of  the  chest  is  useful  and  sensitive  in  studying  responses  to  ther- 
apy in  patients  with  CF  lung  disease.  To  our  knowledge,  this  is  the  first 
report  of  the  use  of  HRCT  to  assess  the  effectiveness  of  a  therapeutic 
modality  in  so  young  a  CF  patient  population. 

Bronchoscopically  Administered  Recombinant  Human  DNase  for  Lo- 
bar Atelectasis  in  Cystic  Fibrosis—  Slallery  DM.  Waltz  FJA.  Denham 
B,  O'Mahony  M.  Greally  P,  Pcdialr  Pulmonol  2()01;31(5):383-388. 

Li)bar  atelectasis  is  a  common  complication  of  cystic  fibrosis.  The  ma- 
jority of  cases  respond  to  intravenous  antibiotics  and  chest  physiother- 
apy. In  a  subgroup  of  patients,  atelectasis  is  resistant  to  medical  therapy, 
and  its  persistence  in  the  pediatric  population  is  as.sociated  with  a  poor 
prognosis.  Bronchoscopic  instillation  of  human  recombinant  DNase  ex- 
panded atelectatic  lobes  in  three  children  resistant  to  at  least  2  weeks  of 
medical  therapy.  This  method  of  administration  of  DNasc  has  been  suc- 
cessful in  resistant  cases  of  lobar  atelectasis  in  patients  with  chronic 
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obstructive  pulmonary  disease,  quadriplegia.  and  status  asthniaticus.  Pu- 
rulent cystic  fibrosis  sputum  has  a  very  high  DNA  content,  and  DNA  has 
been  shown  to  become  more  pourable  in  vitro  when  treated  with  rhD- 
Nase.  Bronchoscopic  instillation  of  rhDNase  should  be  considered  in 
cases  of  persistent  lobar  alelcctasi>  unresponsive  to  medical  therapy. 

Ni>n-ln\asiM'  Pre.ssure  Support  \  intilatloii  in  St\fre  Comnuinity- 
Acqulred  Pneumonia— Jolliel  P.  Abajo  B,  Pasquina  P,  Chevrolet  J(" 
Inlcnsnc  Care  Med  2001  ;27(5):812-X21. 

OBJECTIVE:  To  explore  three  aspects  of  non-invasive  pressure  support 
ventilation  (NIPSV)  applied  by  face  mask  to  patients  with  acute  respi- 
ratory failure  ( ARF)  due  to  severe  community-acquired  pneumonia  (CAP): 
( 1 )  the  initial  acute  effects  on  respiratory  rate,  gas  exchange  and  hemo- 
dynamics. (2)  the  clinical  course  and  iiutcome  during  ICU  and  hospital 
stay.  (.1)  the  nursing  workload  as  measured  by  the  dailv  PRN  87  (Project 
Research  in  Nursing)  score.  SETTING:  Medical  ICU.  University  Hos- 
pital. DESIGN:  Prospective,  observational  study.  PATIENTS:  Patients 
without  any  prior  history  of  chronic  lung  disease,  consecutively  admitted 
to  the  ICU  to  receive  NIPSV  for  ARF  due  to  severe  CAP.  MEASURE- 
MENTS AND  RESULTS:  (means  ±  SD):  Twenty-four  patients  aged 
49±I7  years,  admission  APACHE  II  13±5,  were  included.  Admission 
Pao./Fio,-  alveolar-arterial  oxygen  difference  (DA-aO,)  and  P-,(-o,  were 
104"±48!  447±120  and  4n±  10  mmHg.  respectively.  All  patients  were 
normotensive.  During  the  mitial  NIPSV  trial  respiratory  rate  decreased 
from  34±8  to  28±  10  breaths/min  (p  <  0.001 )  and  arterial  oxygenation 
improved  (P.o,/F|0,  104 ±48  vs  1.53 ±49.  DA-aO,  447±  120  vs  370 ±  180 
mm  Hg,  p  <  b.OOi  1  while  P.,^.,,,  remained  unchanged.  There  were  no 
hemodynamic  effects.  Subsequently,  a  total  of  133  NIPSV  trials  were 
performed  (median  duration  55  min.  range  30-540  min)  over  1-7  days. 
No  complication  occurred  during  NIPSV.  Sixteen  patients  were  intubated 
(669c)  1.3 ±  1  days  after  inclusion.  Upon  inclusion,  the  patients  who  were 
subsequently  intubated  were  older  (55±I5  vs  37±12  years)  and  more 
severely  hypoxemic  (63±  1 1  vs  80±  15  mmHg,  p  <  0.05)  than  those  not 
requiring  intubation.  Eight  patients  died  (33'7f ).  all  in  the  intubated  group. 
Median  lengths  of  stay  in  the  ICU  and  hospital  were  longer  in  intubated 
patients  (ICU  16  days,  range  3-64  vs  6  days,  range  3-7,  p  <  0.05; 
hospital  23  days,  range  9-77  vs  9.5  days,  range  4-42.  p  <  0.05).  Mean 
daily  total  PRN  points  were  stable  throughout  the  NIPSV  period  and 
were  not  different  between  the  groups.  Only  14'7f  of  PRN  points  resulted 
from  respiratory  therapy  interventions.  PRN  score  was  higher  during  the 
first  24  h  following  intubation  than  during  the  first  24  h  of  NIPSV 
(278±55  vs  228±24  points,  p  <  0.05).  CONCLUSION:  Despite  initial 
improvement  in  arterial  oxygenation  with  NIPSV  in  patients  with  ARF 
due  to  severe  CAP,  the  intubation  rate  is  high.  However,  the  more  fa- 
vorable outcome  and  shorter  ICU  and  hospital  stays  when  intubation  is 
avoided,  as  well  as  the  short  delay  required  to  assess  the  success  or 
failure  of  NIPSV  warrants  a  trial  of  NiPSV  in  this  setting.  The  nursing 
workload  remains  stable  during  NIPSV  and  does  not  result  predomi- 
nantly from  respiratory  therapy  interventions. 

1  he  \  alue  of  the  (  hioride:  Sodium  Ratio  in  Differentiating  the  Ae- 
tiology of  Metabolic  .\cidosis— Durward  A,  Skellell  S,  Mayer  A,  Taylor 
D,  Tibby  SM.  Murdoch  lA.  Imensive  Care  Med  2()01:27(5):828-835. 

OBJECTIVE:  Stewart's  physicochemical  approach  to  acid-base  balance 
defines  the  aetiology  of  a  metabolic  acidosis  by  quantifying  anions  ol 
tissue  acids  (TA),  which  consist  of  unmeasured  anions  (UMA)  and/or 
lactate.  We  hypothesised  that  an  increase  in  TA  during  metabolic  acido- 
sis would  lead  to  a  compensatory  fall  in  the  plasma  chloride  (CD  relative 
to  sodium  (CI:Na  ratio)  in  order  to  preserve  electro-neutrality.  Thus,  the 
CI:Na  ratio  could  be  used  as  a  sitnple  alternative  to  the  anion  gap  in 
identifying  raised  TA.  PATIENTS:  Two  hundred  and  eighty  two  con- 
secutive patients  who  were  admitted  to  our  Paediatric  Intensive  Care 
were  enrolled  in  the  study.  IN  PERVENTIONS:  We  obtained  540  sam- 


ples (admission  n  =  282.  24  h  n  =  258)  for  analysis  of  blood  chemistry, 
lactate  and  quantification  of  TA  and  UMA.  Samples  were  subgrouped 
into  those  with  metabolic  acidosis  (standard  bicarbonate  <  22  mmol/L) 
either  with  or  without  increased  UMA  ( >  3  mEq/L).  MEASUREMENTS 
AND  RESULTS:  Metabolic  acidosis  occurred  in  46%  of  samples,  of 
which  52.3'/f  (120/2.30)  had  increased  UMA.  The  dominant  component 
of  TA  was  UMA  rather  than  lactate,  and  these  two  components  did  not 
.ilwavs  rise  in  tandem.  Our  hypothesis  of  relative  hypochloraemia  was 
supported  by  a  lower  Cl:Na  ratio  (p  <  0.0001 )  but  not  a  lower  absolute 
CI  (p  =  0.5)  in  the  acidotic  subgroup  with  raised  UMA.  and  by  the 
mverse  relationship  between  TA  and  the  Cl:Na  ratio,  (coefficient  of 
determination  (r^)  =  0.37.  p  <  O.(KX)l).  The  best  discriminator  for  the 
presence  of  raised  TA  was  the  albumin-corrected  anion  gap  (AGj„„). 
however,  this  could  not  track  changes  in  TA  with  clinical  accuracy.  The 
Cl:Na  ratio  discriminated  reasonably  well,  a  ratio  of  <  0.75  identified  TA 
(positive  predictive  value  (PPV)  887t )  with  a  likelihood  ratio  (LR)  sim- 
ilar to  the  AG  (7.8  vs7.4).  Conversely,  a  high  ratio  ( >  0.79)  excluded  TA 
(PPV  8^^,  LR  4.5).  Base  deficit  (BD)  and  lactate  performed  poorly. 
CONCLUSION:  In  inetabolic  acidosis  due  to  TA.  plasma  CI  concentra- 
tion decreases  relative  to  sodium.  The  Cl:Na  ratio  is  a  simple  alternative 
to  the  AG  for  detecting  TA  in  this  selling. 

Validating  the  .Sedation-.\gitation  Scale  with  the  Bispectra!  Index 
and  Visual  Analog  Scale  in  Adult  ICU  Patients  After  Cardiac  Sur- 
gery— Riker  RR.  Eraser  GL.  Simmons  LE.  Wilkins  ML.  Intensive  Care 

Med  2001;27(5):85.3-858. 

OBJECTIVE:  To  validate  the  Sedation-Agitation  Scale  (SAS)  with  the 
Visual  Analog  Scale  (VAS)  and  Bispectral  Index  (BIS)  in  adult  ICU 
patients  after  cardiac  surgery.  DESIGN:  Prospective  study  comparing 
blinded  evaluations  of  the  SAS.  VAS  and  BIS.  SETTING:  Forty-two-bed 
multidisciplinary  ICU.  PATIENTS  AND  PARTICIPANTS:  Convenience 
sample  of  39  adults  after  cardiac  surgery.  MEASUREMENTS  AND 
RESULTS:  Bispectral  Index  3.2  was  continuously  recorded  using  the 
Aspect  A- 1000  and  evaluators  were  blinded  to  this  value.  The  bedside 
nurse  and  a  trained  researcher  independently  rated  wakefulness  using  a 
100  mm  VAS  upon  patient  arrival  on  the  ICU.  at  first  awakening,  when 
ventilator  weaning  was  started  and  after  extubation;  the  researcher  also 
evaluated  patients  usmg  SAS.  Upon  arrival  on  the  ICU.  the  median  SAS 
score  was  2  (interquartile  range  =  1-3).  the  mean  VAS  was  26±30  and 
the  mean  BIS  was  70±16.  Twenty-four  patients  underwent  a  trial  of 
weaning  from  mechanical  ventilation  with  a  SAS  of  4  (IQR  =  4).  VAS 
of  86±  12  and  BIS  of  87±  10.  SAS  con-elated  well  with  VAS  performed 
by  one  researcher  (r  =  0.91.  p  <  0.001 )  or  by  19  different  bedside  nurses 
(r  =  0.43.  p  <  0.001)  and  with  BIS  3.2  (r  =  0.60.  p  <  0.001).  The 
correlation  between  SAS  and  BIS  was  reduced  in  patients  with  above 
a\erage  electroniyogram  (EMG)  power.  .As  a  measure  of  construct  va- 
lidity, significant  differences  were  noted  for  the  BIS,  SAS.  VAS  and 
EMG  between  ICU  an-ival  and  extubation  (all  p  <  0.001).  CONCLU- 
SIONS: Sedation-Agitation  Scale  and  BIS  are  valid  measures  of  wake- 
fulness after  cardiac  surgery,  but  EMG  interference  may  affect  the  ac- 
curacy of  BIS  for  a  small  percentage  of  patients  not  receiving 
neuromuscular  blockade. 

Intensive  Care  Delirium  Screening  Checklist:  Evaluation  of  a  New 
Screening  Tool — Bergeron  N.  L^uhois  MJ.  Duriionl  M.  Dial  S,  Skrobik 
^■.  Intensive  Care  Med  2()01:27(5):8.59-S64. 

OBJECTIVE:  Delirium  in  the  intensive  care  unit  is  poorly  defined.  Clin- 
ical evaluation  is  difficult  in  the  setting  of  unstable,  often  intubated 
patients.  A  screening  tool  may  improve  the  detection  of  delirium.  METH- 
OD: We  created  a  screening  checklist  of  eight  items  based  on  DSM 
criteria  and  features  of  delirium:  altered  level  of  consciousness,  inatten- 
tion, disorientation,  hallucination  or  delusion,  psychomotiir  agitation  or 
retardation,  inappropriate  mood  or  speech,  sleep/wake  cycle  disturbance. 
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NEW!  2ND  EDITION 

Respiratory  Care 
Patient-Driven  Protocols 

Now  Includes  Pediatric  Protocols 

An  excellent  resource  In  the  processes  of  developing,  implementing,  or  refining  care 
plans.  Helps  you  improve  patient  care  and  control  costs. 

Features  29  complete  protocols  including:  Oxygen,  Oximetry,  MDI,  SVN,  PEP, 
Thoracoscopy,  IPPB,  Extubation,  Secretion  Management,  Weaning,  Pediatrics,  and 
others.  Also  includes  an  expanded  and  valuable  introduction  on  how  to  implement 
PDPs  in  your  facility  and  an  overview  of  PDPs  and  operational  costs. 

Written  by  faculty  from  UCSD,  one  of  the  country's  leading  institutions  in  the  devel- 
opment of  protocols.  Authors  include  Jan  Phillips-Clar,  BS,  RRT;  Richard  Ford,  BS,  RRT; 
Timothy  Morris,  MD;  and  David  Burns,  MD.  Softcover.  257  pages.  Second  Edition. 
Published  in  2001. 

Item  #  PA8012-A  $85.00  (S99.00  Nonmembers).  Add  $9.25  for  shipping  and  handling. 

Order  Online  at  http://store.yahoo.com/aarc/ 
MasterCard  •  Visa  •  Purchase  Order 


NEW  -  Pediatric  Metered  Dose  Inhaler  Protocol  (Agess  i2) 
NEW  -  Simple  Weaning  Protocol  for  Pediatrics 

NEW  -  Introduction  Contains  an  Overview  of  PDPs 

and  Operational  Costs 
Oxygen 
Oximetry 

Prophylaxis  for  Pulmonary  Complications  (IS) 
Secretion  Management  (CPT) 
Secretion  Management  for  Artificial  Airways 
Percussionaire 
Autogenic  Drainage  (AD) 
Positive  Expiratory  Pressure  (PEP) 
Flutter  Valve 
ThAIRapy  Vest 
Metered  Dose  Inhaler  (MDI) 


Small  Volume  Nebulizer  (SVN) 

Therapeutic  Effective  Dosage 

Acute  Maximum  Dosage 

Intermittent  Positive  Pressure  Breathing  (IPPB) 

Thoracoscopy 

Extubation 

Post-Op  Laparotomy 

Prophylaxis  Protocol  Addendum  For  Rib 
Fractures/Chest  Trauma 

Metered  Dose  Inhaler  for  Ventilated  Patients 

Secretion  Management  for  Ventilated  Patients 

Secretion  Management  Addendum  for  Ventilated 
Head  Trauma  Patients 

Volume  Reduction  Lung  Surgery  Protocol  (VRLS) 

BiPAP  for  Volume  Weaning  Protocol 

Adult  Ventilator  Weaning  Protocol 


Daedalus  Enterprises,  Inc. 
P.O.  Box  29686  •  Dallas,  TX  75229  •  (972)  406-4663  •  Fax  (972)  484-2720 

Visit  www.aarc.org 


Abstracts 


and  sympiom  fluctiialion.  During  ?  months,  all  patients  admilled  tci  a 
busy  mcdical/surgital  intensive  care  unit  were  evaluated,  and  the  scale 
score  was  compared  to  a  psyehialric  evaluation.  RESULTS:  In  4.^  pa- 
tients studied.  15  developed  delirium.  Fourteen  (^.VJ)  of  them  had  a 
score  of  4  points  or  more.  This  score  was  also  present  in  15  (lyVr)  of 
patients  without  delirium,  14  of  whom  had  a  known  psychiatric  illness, 
dementia,  a  structural  neurological  abnormality  or  encephalopathy.  A 
ROC  analysis  was  used  to  determine  the  sensitivity  and  specificity  of  the 
screening  tool.  The  area  under  the  ROC  curve  is  0.9017.  Predicted  sen- 
sitivity is  999^  and  specitlcily  is  M'J.  CONCLUSION:  This  study  sug- 
gests that  the  Intensive  Care  Delirium  Screening  Checklist  can  easily  be 
applied  by  a  clinician  or  a  nurse  in  a  busy  critical  care  setting  to  screen 
all  patients  even  when  communication  is  compromised.  The  tool  can  be 
utilized  quickly  and  helps  to  identify  delirious  patients.  Eariier  diagnosis 
may  lead  to  earlier  intervention  and  better  patient  care. 

The  Impact  of  Organisational  Change  on  Outcome  in  an  Intensive 
Care  Unit  in  the  United  Kingdom — Baldock  G.  Foley  P.  Brett  S.  In- 
tensive Care  Med  :0Ul;:7(.S);S6.'S-872. 

OBJECTIVES:  To  study  the  change  in  outcome  for  patients  admitted  to 
an  intensive  care  unit  following  the  establishment  of  a  team  of  resident 
medical  staff  and  a  change  from  an  "open"  to  a  "closed"  organisational 
formal.  DESIGN:  Database  review  of  prospectively  collected  data.  Set- 
ting: Intensive  care  unit  of  a  postgraduate  teaching  hospital.  SUBJECTS: 
1 134  admissions  to  the  intensive  care  unit  over  a  3-year  period,  of  whom 
476  (429^)  followed  elective  surgery.  MAIN  OUTCOME  MEASURE: 
Hospital  mortality  corrected  for  illness  severity  by  using  the  APACHE  II 
scoring  system.  RESULTS:  Crude  hospital  mortality  fell  from  I'iVc  be- 
fore the  changes  to  20%  afterwards  (p  =  0.01).  With  correction  for 
case-mix  factors,  the  probability  of  death  after  the  changes  was  reduced 
by  almost  half  (OR  0.51;  CI  0.32.  0.82.  p  =  0.005).  CONCLUSION:  A 
"closed"  format  of  organisation  of  the  delivery  of  care  may  result  in 
improved  outcomes  for  patients  admitted  to  intensive  care  units. 

Effects  of  Tidal  Volume  Reduction  in  Acute  Respiratory  Distress 
Syndrome  on  Gastric  Mucosal  Perfusion — Sitbon  P.  Teboul  JL.  Du- 
ranteau  J.  .Anguel  N,  Richard  C,  Samii  K.  Intensive  Care  Med  2001; 
27(51:911-915. 

OBJECTIVE:  This  study  was  conducted  with  the  aim  of  testing  the 
effects  of  a  reduction  in  tidal  volume  (Vy)  on  gastric  mucosal  perfusion 
using  laser-Doppler  flowmetry  in  patients  with  acute  respiratory  distress 
syndrome  (ARDS).  DESIGN:  It  was  designed  as  a  prospective  study. 
PATIENTS:  Seventeen  patients  with  ARDS  were  enrolled  in  the  study. 
All  patients  were  mechanically  ventilated  in  volume-controlled  mode. 
Before  the  start  of  the  protocol,  V^^  was  set  at  9  niL/kg  body  weight. 
INTERVENTION:  V^^  was  reduced  to  6  mL/kg  body  weight.  MEA- 
SUREMENTS AND  RESULTS:  Measurements  of  systemic  hemody- 
namic parameters  and  gastric  mucosal  blood  flow  (GMBF)  were  obtained 
before  and  after  reduction  of  V,.  Cardiac  index,  heaart  rate  and  pulmo- 
nary arterial  pressure  increased  significantly  after  V^-  reduction.  The 
increase  in  cardiac  output  was  observed  in  all  patients.  However,  despite 
a  mean  259!-  increase  in  cardiac  output  after  Wj  reduction,  no  significant 
increase  in  mean  GMBF  was  observed,  and  individual  GMBF  responses 
were  heterogeneous.  CONCLUSION:  V,  reduction  in  patients  with 
ARDS,  despite  resulting  in  an  increase  in  cardiac  output,  did  not  change 
gastric  mucosal  perfusion.  The  heterogeneity  in  the  individual  response 
of  GMBF  to  Vj  reduction  could  be  due  lo  opposite  direct  (i.e..  local 
vasodilatory  effect)  and  mdircct  (i.e..  global  sympathetic  stimulation) 
effects  of  hypercapnia  on  gut  vessels. 

Detection  of  Kvpiratory  Flow  IJmitation  by  Manual  Compression  of 
the  .Abdominal  Wall — Ninanc  V.  Leduc  D,  Kafi  SA.  Nasser  M,  Houa 
M,  Sergysels  R.  Am  J  Respir  Crit  Care  Med  2(M)I;163{6):1326-13.30. 


We  have  assessed  a  new  method,  manual  compression  of  the  abdominal 
wall  (MCA)  during  expiration,  in  the  detection  of  expiratory  fiow  limi- 
tation. Twelve  stable  patients  with  chronic  obstructive  pulmonary  disease 
(COPD)  and  five  normal  subjects  were  studied  during  spontaneous  breath- 
ing in  the  supine  and  seated  posture,  MCA  was  performed  during  expi- 
ration with  one  hand  at  the  umbilical  level  and  we  measured  fiow.  vol- 
ume, pleural  (Ppl)  and  gastric  (Pga)  pressures  and  abdominal 
anteroposterior  (AP)  diameter  at  the  umbilical  level  with  magnetometers. 
No  increase  in  expiratory  flow  during  MCA  relative  to  the  preceding 
breath  despite  associated  increases  in  pressures  was  considered  as  indi- 
cating expiratory  fiow  limitation.  In  seven  additional  patients  with  in- 
creased upper  airway  collapsibility  (obstructive  sleep  apnea  syndrome 
(OSASl),  MCA  was  compared  with  negative  expiratory  pressure  (NEP), 
In  normal  sealed  subjects,  MCA  was  associated  with  a  decrease  in  ab- 
dominal AP  dimension  (mean  ±  SD:  -27  ±  6%),  an  increase  in  Pga 
(14.7  ±  7.4  cm  H,0)  and  Ppl  (6.2  ±  2.2  cm  H,0).  and  an  increase  in 
expiratory  flow.  MCA  caused  similar  changes  in  abdominal  AP  dimen- 
sion and  pressures  in  seated  patients  with  COPD  but  six  of  them  (509}'), 
including  four  patients  with  FEV,  less  than  1  L.  had  no  increase  in 
expiratory  fiow.  In  the  supine  posture.  MCA  always  increased  expiratory 
fiow  in  nonnal  subjects  but  four  additional  patients  with  COPD  showed 
evidence  of  fiow  limitation.  MCA  invariably  increased  expiratory  tlow  in 
patients  with  OSAS  whereas  the  NEP  method  suggested  fiow  limitation 
in  some  cases.  We  conclude  that  MCA  is  a  very  simple  method  that 
allows  detection  of  flow  limitation  in  different  positions. 

The  Association  of  Socioeconomic  Status  with  Outcomes  in  Cystic 
Fibrosis  Patients  in  the  United  States — Schechter  MS.  Shelton  BJ. 
Margolis  PA,  Fil/simmons  SC.  Am  J  Respir  Crit  Care  Med  2001:163(6): 
1331-1337. 

There  is  considerable  variability  in  the  clinical  course  of  disease  in  cystic 
fibrosis  (CF).  Although  currently  unidentified  modifier  genes  might  ex- 
plain some  of  this  heterogeneity,  other  factors  are  probably  contributory . 
Socioeconomic  status  (SES)  is  an  important  predictor  of  health  status  in 
many  chronic  polygenic  diseases,  but  its  role  in  CF  has  not  been  sys- 
tematically evaluated.  We  performed  a  historical  cohort  analysis  of  pe- 
diatric CF  patients  in  the  United  States  using  National  Cystic  Fibrosis 
Foundation  Patient  Registry  (NCFPR)  data  for  1986  to  1994.  and  used 
Medicaid  status  as  a  proxy  for  low  SES.  The  adjusted  risk  of  death  was 
3.65  times  higher  (959^  confidence  interval  |CI|:  3.03  to  4.40)  for  Med- 
icaid patients  than  for  those  not  receiving  Medicaid.  The  percent  pre- 
dicted FEV,  of  surviving  Medicaid  patients  was  less  by  9. 19'f  (95%  CI; 
6.9  to  1 1.2).  Medicaid  patients  were  2.19  times  more  likely  to  be  below 
the  5th  percentile  for  weight  (95%  CI:  1.91  to  2.51)  and  2.22  times  more 
likely  to  be  below  the  5th  percentile  for  height  (95%  CI:  1.95  to  2.52) 
than  were  non-Medicaid  patients.  Medicaid  patients  were  1.60  times 
more  likely  to  require  treatment  for  a  pulmonary  exacerbation  (95%  CI; 
1 .29  to  1 .98 ).  There  was  no  difference  in  the  number  of  outpatient  clinic 
visits  for  Medicaid  and  non-Medlcaid  patients.  We  conclude  that  low 
SES  is  associated  with  significantly  poorer  outcomes  in  children  w  ith  CF. 
Barriers  in  access  to  specialty  health  care  do  not  seem  lo  explain  this 
difference.  Further  study  is  indicated  to  determine  what  adverse  environ- 
mental factors  might  cluster  in  CF  patients  of  low  SES  to  cause  worse 
outcomes. 

Effect  of  Imposed  Inflation  Time  on  Respiratory  Frequency  and 
Hyperinflation  in  Patients  with  Chronic  Obstructive  I'liliiuinary  Dis- 
ea.se — Laghi  F'.  Segal  J.  Choc  \S'K.  Tohin  MJ.  .Am  J  Respir  Crit  Care 
Med  2001;  16.3(6):  1.36.5-1 370. 

Decreases  in  ventilator  infiation  time  (Tl,^.,„)  can  cause  tachypnea,  prob- 
ably as  a  response  to  lung  inflation.  The  response  may  differ  in  chronic 
obstructive  pulmonary  disease  (COPD)  because  time-constant  inhomo- 
geneities  could  foster  overdistcntion  of  some  lung  units  during  early 
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Learn  More  About 
Mechanical  Ventilation  from  the  Experts 

With  Professional  Education  Products  from  the  AARC. 


Does  rtie  "Machine"  Moke  a  Difference? 
Reviews  different  ventilators  and  modalities  available  to  respiratory  care  practi- 
tioners and  presents  information  on  tfieir  impact  in  clinical  settings.  By  John  J. 
Marini,  MD  40min  oudiotope 
Item  PAD86  S15  00  ($20  00  Nonmembers) 

UnconvenHonoi  Mettiods  for  Adult  Oxygenation  and  Ventilation  Support 
Provides  an  overview  of  new  and  experimental  techniques  for  adult  oxygena- 
tion and  ventilation  support  Discusses  the  techniques,  theoretical  rationales, 
methods  of  application,  and  experimental  evidence  of  the  effectiveness  of  these 
unconventional  methods.  Featuring  James  K.  Stoller,  MD,  and  David  J.  Pierson, 
MD,  FAARC.  90-min.  videotape. 
Item  VC36  $49.95  ($99.00  Nonmembers) 

Pressure-Controlled  Ventilation  (PCV):  What's  with  the  Pressure? 
Reviews  the  status  of  PCV  and  compares  the  pressure  and  flow  characteristics  to 
those  of  volume  ventilation.  Discusses  tfie  advantages  and  disadvantages  of  PCV 
in  specific  patient  populations.  By  Marshall  L.  Post,  BHS,  RRT.  40-min,  audiotape. 
Item  PAD729  515.00  ($20.00  Nonmembers) 

Mechanical  Ventilation:  The  Next  50  Years 

Discusses  the  developments  that  are  likely  to  occur  over  lf\e  next  50  years  to  address 
some  of  the  issues  of  mechanical  ventilation;  more  responsive  volving  systems  with 
feedback  loops,  non-convective  flow  technology,  pharmacologic  adjustments,  and 
more  cost-efficient  equipment.  By  Neil  Maclntyre,  MD,  FAARC.  40-min.  audiotape. 
Item  PAD752  515  00  ($20.00  Nonmembers) 

The  Practice  of  Routine  Ventilator  Checks 

Reviews  the  routine  checking  and  documenting  of  mechanical  ventilator  functional- 
ity. Discusses  tfie  theoretical  foundations  for  checking;  details  the  regulatory  and  legal 
issues  surrounding  ventilator  checks;  and  challenges  some  of  the  assumptions  about 
routine  ventilator  checks.  By  John  W.  Salyer,  RRT,  FAARC.  40-min.  audiotape. 
Item  PAD753  $15.00  ($20.00  Nonmembers) 

Ventilator-Associated  Pneumonia  (VAP):  Patfiogenesis  and  Risk  Factors 

This  lecture  discusses  hospital-acquired  infection,  specifically  ventilator-associ- 
ated pneumonia  and  its  pathogenesis  and  risk  factors.  Demonstrates  its  occur- 
rence as  on  independent  determinant  of  mortality  for  critically  ill  patients  requir- 
ing mechanical  ventilation.  By  Marin  H.  Kollef,  MD.  40-min.  audiotape. 
Item  PAD789  $15.00  ($20.00  Nonmembers) 

The  Prevention  of  Ventilator-Associated  Pneumonia  (VAP)   in  the  Year  2000 
This  lecture  reviews  new  management  strategies  and  the  essential  aspects  of  the 
pathogenesis  of  VAP,  and  the  risk  factors  that  predispose  this  infection  Clinical 
resources  aimed  at  preventing  the  occurrence  of  VAP  are  also  discussed.  By 
Marin  H.  Kollef,  MD.  40-min.  audiotape. 
Item  PAD790  $15.00  ($20.00  Nonmembers) 

Classification  of  Mechanical  Ventilators  I 

Outlines  the  basic  concepK  of  ventilator  classification  and  a  mathematical  model  of 
the  respiratory  system  that  provides  the  basis  for  classifying  ventilator  control  systems. 
Also  teaches  the  specific  criteria  for  determining  whether  a  ventilator  primarily  con- 
trols pressure,  volume,  or  flow.  Individual  Independent  Stucfy  Package.  Softcover  book. 
Item  CS18  $12.00  ($16  00  Nonmembers) 

Classification  of  Mechanical  Ventilators  II 

You  will  learn  detailed  information  about  the  control  of  ventilation  in  terms  of 
switching  from  inspiration  to  expiration.  You  will  also  be  introduced  to  the  com- 
mon drive  mechanisms  used  in  various  mechanical  devices.  Individual  Inde- 
pendent Study  Package.  Softcover  book. 
Item  CS19  $12.00  ($16.00  Nonmembers) 

Classification  of  Mechanical  Ventilators  III 

Explores  the  output  waveforms  that  ventilators  produce  and  their  clinical  impli- 
cations Instructs  in  the  various  modes  of  ventilation  in  terms  of  the  specific  com- 
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intlation.  causin';  neural  inspiratory  lime  to  be  shorter  than  in  healthy 
subjects.  We  tested  the  hypothesis  that  a  decrease  in  Tl>.,,„  causes  tachy- 
pnea, prolongation  of  exhalation,  and  a  decrease  in  intrinsic  positue 
end-expiratory  pressure  (PtiKP,).  Ten  patients  with  stable  COPD  received 
assist-conlrol  ventilation  through  a  mouthpiece.  Decreases  in  TI^^,„,. 
achieved  through  increases  in  tlow  from  30  to  90  L/min.  increased  fre- 
quency, from  16.1  ±  1.0  (SE)  to  20.8  ±  1.5  brealhs/min  (p  <  0.001). 
time  for  exhalation,  from  2.1  ±  0.2  to  2..3  ±  0.2  s  (p  <  0.025).  and 
decreased  PEliP,.  from  7.0  ±  1.3  to  fi.4  ±  I.I  cm  H,0  (p  <  0.01). 
Decreases  in  Tl,^.,„.  achie\ed  by  decreasing  inspiratory  pause  from  2  to 
0  s.  increased  frequency,  from  1 2.9  ±  0.8  to  1 8. 1  ±  1 .6  brcaths/min  ( p  < 
0.001 ).  time  for  exhalation,  from  2.0  ±  0.2  to  2.6  ±  0.3  s  (p  <  0.001 ). 
and  decreased  PlitP,.  from  6.4  ±  1.1  to  5.5  ±  0.9  cm  H,0  (p  <  0.01 ). 
In  both  expeiiments.  decreases  in  TI^^.„,  reduced  inspiratory  effort  (p  • 
0.01).  In  conclusion,  strategies  to  reduce  Tl.vent  in  patients  with  COPO 
caused  tachypnea,  yet  prolonged  the  time  for  exhalation  with  consequent 
decrease  in  PEEP,. 

\l\e(>lar  Fluid  {'leiirance  Is  Impaired  in  (he  Majority  of  Patients 
«ilh  Acute  l.unt;  In.jurj  and  the  Acute  Respiratory  Distress  .Syn- 
drome— Ware  LB.  Matthay  MA.  Am  J   Rcspir  t'rit  Care  Med  2(101; 

163(6):1376-13S3. 

Because  experimental  studies  have  shown  that  intact  alveolar  epithelial 
fluid  transport  function  is  critical  for  resolution  of  pulmonary  edema  and 
acute  lung  injury,  we  measured  net  alveolar  fluid  clearance  in  79  patients 
with  acute  lung  injury  or  the  acute  respiratory  distress  syndrome.  Pul- 
monary edema  fluid  and  plasma  were  sampled  serially  in  the  flrst  4  hours 
after  intubation.  Net  alveolar  fluid  clearance  was  calculated  from  sequen- 
tial edema  fluid  protein  measurements.  Mean  alveolar  fluid  clearance 
was  6'/>/h.  Of  the  patients.  56'7r  had  impaired  alveolar  fluid  clearance  (< 
3%/h).  32'?!-  had  submaximal  clearance  (>  3'7r/h.  <  M^/h).  and  13<7f 
had  maximal  clearance  (aW/r/hl.  These  findings  are  contrasted  to  our 
recent  report  of  65  patients  with  hydrostatic  pulmonary  edema,  in  whom 
mean  alveolar  fluid  clearance  was  LWr/h;  only  25<7r  had  impaired  clear- 
ance whereas  75%  had  submaximal  or  maximal  clearance  (J  AppI  Physiol 
1 999:87: 1 30 1- 1 3 1 2).  Acute  lung  injury  with  maximal  alveolar  fluid  clear- 
ance were  more  likely  to  be  female  (p  =  0.03).  and  less  likely  to  have 
sepsis  (p  =  0.01).  Endogenous  and  exogenous  catecholamines  did  not 
correlate  with  alveolar  fluid  clearance.  Patients  with  maximal  alveolar 
fluid  clearance  had  signiflcantly  lower  mortality  and  a  shorter  duration  of 
mechanical  ventilation.  In  summary,  in  contrast  to  hydrostatic  pulmonary 
edema,  alveolar  fluid  clearance  in  patients  with  acute  lung  injury  and  the 
acute  respiratory  distress  syndrome  is  impaired  in  the  majority  of  pa- 
tients, and  maximal  alveolar  fluid  clearance  is  associated  with  better 
clinical  outcomes. 

Quality-Adjusted  Survival  in  the  First  Year  ,\fter  the  Acute  Respi- 
ratory Distress  Syndrome — Angus  DC.  Musthala  A.A,  Clernuuil  Ci. 
Gntfln  MP,  Linde-Zwirble  WT.  Dremsi/ov  TT.  Pinsky  MR.  Am  J  Respir 
Crit  Care  Med  200 1;  163(6):  13X9-1 394. 

There  is  little  information  on  long-term  outcome  after  acute  respiratory 
distress  syndrome  (ARDS).  We  measured  quality-adjusted  survival  in  the 
first  year  after  ARDS  in  a  prospective  cohort  (n  =  200).  All  patients  met 
traditional  criteria  for  ARDS.  Patients  with  sepsis  and  acute  nonpulmo- 
nary  organ  dysfunction  at  presentation  were  excluded.  The  cohort  was 
healthy  before  onset  of  ARDS  as  evidenced  by  high  functional  status 
(mean  Karnofsky  Performance  Status  index:  82.2/100  where  =-  80  = 
able  to  perform  normal  activities  independently)  and  minimal  comorbid 
illness  (mean  Charlson-Deyo  comorbidity  score:  0.32/17  where  0  =  ab- 
sence of  chronic  illness).  We  determined  quality-adjusted  life-years 
(QALYs)  using  the  Quality  of  Well-being  (QWB)  scale  (0  to  1  scale 
where  1  =  optimal  well-being),  measured  at  6  and  12  mo.  Survival  was 
69.5  ±  5.0%  at  I  month,  fell  to  55.7  ±  3.79r  at  6  mo.  and  did  not  change 


at  12  mo.  yielding  a  survival  of  59  life-years  in  the  first  year  per  100 
patients  with  ARDS.  QWB  was  low  at  6  and  12  mo  (0.59  ±  0.015  and 
0.60  +  0.015).  yielding  a  quality-adjusted  survival  of  .36  QALYs  per  100 
patients  (sensitivity  range:  21  to  46  QALYs).  We  conclude  that  ARDS 
developing  in  previously  healthy  patients  is  associated  with  poor  quality- 
adjusted  survival.  These  data  are  important  for  cost-effectiveness  analy- 
ses and  long-term  care. 

Inspiratory  Capacity,  Dynamic  Hyperinriution,  Breathlcssness,  and 
lAercise  IVrlormance  Durinn  the  fi-Minule-\Valk  Test  in  Chronic 
Obstructive  Pulmonary  Disease  Mann  .IM.  Cani/o  SJ,  Gascon  M. 
Sanchez  A.  Gallego  B.  Celli  BR.  Am  J  Respir  Crit  Care  Med  2001: 
1 63(6):  I. 395-1. 399. 

Patients  with  severe  chronic  obstructive  pulmonary  disease  ICOPD)  de- 
\elop  dynamic  lung  hyperinflation  (DH)  during  symptom-limited  incre- 
mental and  constant  work  exercise  with  cycle  ergometer  and  treadmill. 
The  increase  in  end-expiratory  lung  volume  seems  to  be  the  best  predic- 
tor of  dyspnea.  Quantification  of  DH  is  based  on  the  relatively  complex 
use  of  on-line  measurement  of  inspiratory  capacity  (IC)  from  flow  vol- 
ume loops.  We  reasoned  that  DH  could  occur  during  daily  activities  such 
as  walking,  and  that  it  could  be  simply  measured  using  the  spirometri- 
cally  determined  IC.  We  studied  72  men  with  COPD  (FEV,  =  45  ± 
13.3%  predicted).  IC  was  measured  at  rest  and  after  a  6-min  walk  test. 
Exertional  dyspnea  was  evaluated  using  the  Borg  scale  and  dyspnea 
during  daily  activities  with  the  modified  Medical  Research  Council(MRC) 
scale.  IC  decreased  significantly  from  28.9  ±  6.7%  TLC  at  rest  to  24. 1  ± 
6.8%  TLC  after  exercise  (p  <  0.001 ).  Exertional  dyspnea  correlated  with 
AIC  (r  =  -0.49.  p  <  0.00001 )  and  baseline  MRC  (r  =  0.59.  p  <  0.0()(X)l ). 
In  many  patients  with  COPD.  walking  leads  to  DH  that  can  be  easily 
determined  with  simple  spirometric  testing.  DH  helps  explain  exercise 
capacity  limitation  and  breathlcssness  during  simple  daily  activities. 

Evaluation  ol  Ivto  DilTerent  Educational  Interventions  for  Adult 
Patients  Consulting  v^ith  an  .Acute  .\sthnia  F^xacerbation — Cote  J. 
Bowie  DM,  Robichaud  P.  Parent  JG.  Battisti  L.  Boulet  LP.  Am  J  Respir 
Crit  Care  Med  200I:163(6):14I5-14I9. 

Asthma  education  decreases  the  number  of  emergency  visits  in  specific 
subgroups  of  patients  with  asthma.  However,  it  remains  unknown  whether 
this  improvement  is  related  only  to  the  use  of  an  action  plan  alone  or  to 
other  components  of  the  educational  inter\  ention.  A  total  of  1 26  patients 
consulting  urgently  for  an  acute  asthma  exacerbation  were  recruited:  98 
completed  the  study.  The  first  45  patients  were  assigned  to  Group  C 
(control;  usual  treatment).  Thereafter,  patients  were  randomized  to  either 
Group  LE  (limited  education;  teaching  of  the  inhaler  technique  plus  self- 
acfion  plan  given  by  the  on  call  physician)  or  Group  SE  (same  as  group 
LE  plus  a  structured  educational  program  emphasizing  self-capacity  to 
manage  asthma  exacerbations).  At  baseline,  there  was  no  difference  be- 
tween groups  in  asthma  morbidity,  medication  needs,  or  pulmonary  func- 
tion. After  12  mo.  only  Group  SE  showed  a  significant  improvement  in 
knowledge,  willingness  to  adjust  medications,  quality  of  life  scores,  and 
peak  expiratory  flows.  In  the  last  6  mo.  the  number  of  unscheduled 
medical  visits  for  asthma  was  significantly  lower  in  Group  SE  in  cimi- 
parison  with  groups  C  and  LE  (p  =  0.03).  The  number  (% )  of  patients 
with  unscheduled  medical  visits  also  decreased  significantly  in  Group  SE 
coiTipared  with  Groups  C  and  LE  (p  =  0.02).  We  conclude  that  a  struc- 
tured educational  intervention  emphasizing  self-management  improves 
patient  outcomes  significantly  more  than  a  limited  intervention  or  con- 
ventional Ireatiiient. 

Computed  Tomonraphy  .Assessment  of  PositiNe  Fnd-K\pirator>  Pres- 
sure-Induced \heolar  Recruitment  in  Patients  with  .\cute  Rcspira- 
torv  Distress  Svndriime  -  Malbouisson  l.M.  Muller  JC.  Consiantin  JM. 
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Respiratory  Care  Week  this  year 

ctre  you  rcctdy  for  the  cclebrdtion?  This 
years  theme  "RT:  the  Lung  Health  Expert,"  gives 
latitude  for  RTs  to  shine  In  many  ways  during  the 
weeks  activities.  Respiratory  therapists  across  the  country  will  do 
everything  from  volunteering  at  health  fairs  to  hosting  bake  sales  to 
raise  funds  for  their  state  societies. 

What's  on  your  agenda  for  National  Respiratory  Care  Week?  Keep 
in  mind  the  increasing  incidence  of  chronic  obstructive  pulmonary 
disease  and  reach  out  to  at-risk  older  Americans.  You  can  help  them 
stay  healthier  longer  with  early  detection  of  the  disease.  Take  time 
to  organize  COPD  screenings  through  local  senior  citizen's  groups 
and  nursing  homes.  Hold  screenings  at  area  grocery  stores  and 
malls  encouraging  shoppers  to  stop  for  a  quick  and  easy  spirometry 
test.  Do  what  you  can  to  make  a  difference! 

Don't  let  October  sneak  up  on  you  -  start  planning  now  for  a 
successful  RC  Week  celebration  that  will  change  lives  for  the  betterl 
For  more  ideas  check  out  the  AARC's  Public  Relations  Tools  online  at 
http.//www.aarc.org/advocacy/public_outreach/. 


Lu  Q,  Pu>bassel  L.  Rouby  JJ:  CT  Scan  ARDS  Study  Group.  Am  J  Rcspir 
Crit  Ciire  Med  20()1;163(6):1-M4-1450. 

Compuled  tomograpliy  (CT)  assessment  of  positive  end-expiratory  pres- 
sure ( PEEP)-induced  alveolar  recruitment  is  classically  achieved  by  quan- 
tifying the  decrease  in  nonaerated  lunt;  parenchyma  on  a  single  juxla- 
diaphragmatic  section  (Gattinoni's  method).  This  approach  ignores  the 
alveolar  recruitment  occurring  in  poorly  aerated  lung  areas  and  may  not 
reflect  the  alveolar  recruitment  of  the  entire  lung.  This  study  describes  a 
new  CT  method  In  which  PEEP-induced  alveolar  recruitment  is  com- 
puted as  the  volume  of  gas  penetrating  in  poorly  and  nonaerated  lung 
regions  following  PEEP.  In  16  patients  with  acute  respiratory  distress 
syndrome  a  thoracic  spiral  CT  scan  was  performed  in  ZEEP  and  PEEP  1 5 
cm  H,0.  According  to  the  new  method.  PEEP  induced  a  \\97r  increase 
in  functional  residual  capacity  (ERC).  PEEP-induccd  alveolar  recruit- 
ment was  499  ±  279  niL  whereas  distension  and  overdistension  of  pre- 
viously aerated  lung  areas  were  395  ±  382  ml,  and  28  ±  6  mL,  respec- 
tively. The  alveolar  recruitment  according  to  Gattinoni's  method  was 
26  ±  24  g  and  no  correlation  was  found  between  both  methods.  A 
significant  correlation  was  found  between  PEEP-induced  alveolar  re- 
cruitment and  increase  in  P,,,,  only  when  recruitment  was  assessed  by  the 
new  method  (Rho  =  0.76.  p  =  0.003).  suggesting  thai  it  may  be  more 
accurate  than  Gattinoni's  method. 


A  Randiinii/t'd.  (onlrolk'd  Study  of  a  Mandibular  .Xdvaiui'menl 
.Splint  fur  OhslructiM. Sleep  \pnea — Mehia  A.  Qiari  J.  I'cloc/  I'.  D.iicn 
deliler  MA.  C'lsiulli  PA,  Am  J  Respir  Crit  Care  Med  2(H)1 ;  163(6):  14.^7- 
1461. 

Although  there  is  increasing  interest  in  the  use  of  oral  appliances  to  treat 
obstructive  sleep  apnea  (OSA).  the  evidence  base  for  this  is  weak.  Fur- 
thermore, the  precise  mechanisms  of  action  are  uncertain.  We  aimed  to 


systematically  investigate  the  efficacy  of  a  novel  mandibular  advance- 
ment splint  (MAS)  in  patients  with  OSA.  The  sample  consisted  of  28 
patients  with  proven  OSA.  A  randotni/ed.  controlled  three-period  (ABB/ 
BA.\)  crossover  study  design  was  used.  Alter  an  acclimatization  period. 
patients  underwent  three  polysomnographs  with  either  a  control  oral 
plate,  which  did  not  advance  the  mandible  (A),  or  MAS  (B).  I  wk  apart. 
in  either  the  ABB  or  BAA  sequence.  Complete  response  (CR)  was  de- 
fined as  a  resolution  of  symptoms  and  a  reduction  in  Apnea/Hypopnea 
Index  (AHI)  to  <5/h.  and  panial  response  (PR)  as  a  s  50%  reduction  in 
AHI.  but  remaining  s  5/h.  Twenty-four  patients  (19  men.  5  women) 
completed  the  protocol.  Subjective  improvements  with  the  MAS  were 
reported  by  the  majority  of  patients  (96"^).  There  were  significant  im- 
provements in  AHI  (30  ±  2/h  versus  14  i  2/h.  p  <  0.0001).  MinSao,) 
(87  ±  \'7r  versus  91  ±  1%.  p  <  0.0001).  and  arousal  index  (41  ±  2/h 
versus  27  ±  2/h.  p  <  0.(K)01 )  with  MAS.  compared  with  the  control.  The 
control  plate  had  no  significant  elfeci  on  AHI  and  Min  Sa,,;.  CR  (n  =  9) 
or  PR  (n  =  6)  was  achieved  in  62.59^  of  patients.  The  MAS  is  an 
effective  treatment  in  some  patients  with  OSA.  including  those  patients 
v\ith  moderate  or  severe  OSA. 


Safety  and  Kepniducihilily  of  Sputum  Induction  in  .\sthiiiatic  Sub- 
jects in  a  Multicenter  Study — Fahy  JV.  Boushey  HA.  Lazarus  SC. 
Mauger  EA.  Chcrmack  RM.  Chinchilli  VM.  et  al.  .Am  J  Respir  Crit  Care 
Med  2(M)1;16.1(6):1470-1475. 

I'he  safety  of  sputum  induction  and  the  reproducibility  of  measurements 
in  induced  sputum  in  multicenter  studies  is  unknown.  We  examined  the 
safety  of  sputum  induction  in  a  two-visit,  six-center  study  in  79  subjects 
with  moderate  to  severe  asthma  (mean  :t  SD  FEV  ,71  ±  12"^^  predicted. 
67';;  taking  inhaled  corticosteroids).  In  addition,  we  compared  the  repro- 
ducibility of  markers  of  inllammation  in  induced  sputum  w  ith  the  repro- 
ducibility of  the  FF.V   I  and  the  inclhacholinc  PC,,,.  The  FEV  ,  de- 
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creased  ^  lO'^'c  from  lhepostbriiin.tKnlilatiir  baseline  in  14'y  of  all  subjects 
and  in  25'/f  of  subjects  whose  initial  prebronchodilator  baseline  was  4(1 
to  609c  of  predicted.  All  subjects  responded  promptly  to  additional  al- 
buterol treatment,  and  no  subject  developed  refractory  bronchoconstric- 
tion  requiring  treatment  other  than  reversal  of  bronchospasm  in  the  study 
laboratory.  The  reproducibility  of  measurements  of  the  eosinophil  per- 
centage, eosinophil  cationic  protein.  Iryptase.  and  methacholinc  PCj,, 
were  similar  (concordance  correlation  coefUcienls  of  0.74.  0.81.  0.74, 
and  0.74.  respectively),  without  any  significant  aniong-center  effect.  We 
conclude  that  sputum  induction  can  be  performed  safely  in  subjects  w  ith 
moderate  to  severe  asthma  in  miilticenter  clinical  trials  when  carried  oul 
under  carefully  monitored  conditions.  Importantly,  we  demonstrate  that 
measurement  of  markers  of  inflammation  in  induced  sputum  is  as  repro- 
ducible as  methacholine  PC,,,  and  should  prove  useful  in  the  assessment 
of  airway  inflammation  in  multicenter  clinical  trials. 

Dose  Dependent  Increased  Mortality  Risk  in  COPD  Patients  Treated 
with  Oral  (ilueoeorticoids — Schols  AM.  Wcsseling  G.  Kester  AD.  de 
Vnes  G,  Mostert  R.  Slangen  J.  Wouters  EF.  Bur  Rcspir  J  200I;I7(.^): 
337-342. 

Systeinic  corticosteroids  are  often  administered  in  COPD  patients.  The 
relationship  between  systemic  glucocorticoids  and  mortality  in  patients 
with  moderate  to  severe  chronic  obstructive  pulmonary  disease  (COPD) 
was  retrospectively  analysed.  Baseline  characteristics  of  the  patients,  in 
stable  clinical  condition,  were  collected  on  admission  to  a  pulmonary 
rehabilitation  centre.  Overall  mortality  was  asessed  at  the  end  of  follow- 
up.  The  Cox  proportional  hazards  model  was  used  to  quantify  the  rela- 
tionship between  glucocorticoid  use,  distinguishing  administration  route 
(oral/inhalation)  and  oral  dose,  and  overall  mortality,  adjusted  for  the 
influence  of  age.  sex,  smoking,  lung  function,  resting  arterial  blood  gases 
and  body  mass  index.  On  multivariate  analysis,  oral  glucocorticoid  use  at 
a  (prednisone  equivalent)  dose  of  10  mg  x  day  '  without  inhaled  glu- 
cocorticoids, was  associated  with  an  increased  risk  (RR  =  2.34,  95%  con- 
fidence interval  (CI)  1.24-4.44)  while  15  mg  x  day  '  carried  a  relative 
risk  of  4.03.  CI  =  1.99-8.15).  A  significant  interaction  was  observed 
between  inhaled  and  oral  glucocorticoid  use.  Combined  with  inhaled 
glucocorticoids,  the  relative  risk  of  oral  glucocorticoid  use  appeared  to  be 
significantly  smaller.  It  is  concluded  that  in  severe  chronic  obstructive 
pulmonary  disease,  maintenance  treatment  with  oral  glucocorticoids  is 
associated  with  increased  mortality  in  a  dose-dependent  manner.  Since 
the  present  study  design  cannot  exclude  the  possibility  of  bias  by  indi- 
cation, further  prospective  studies  are  indicated  using  a  broader  patient 
characterization. 

Audit  of  Acute  Admissions  of  COPD:  Standards  of  Care  and  Man- 
agement in  the  Hospital  .Setting.  Audit  Sub-Committee  of  the  Standards 
of  Care  Committee  of  the  British  Thoracic  Society  and  the  Clinical 
Effectiveness  and  Evaluation  Unit  at  the  Royal  College  of  Physicians — 
Roberts  CM.  Ryland  I.  Lowe  D,  Kelly  Y,  Bucknall  CE.  Pearson  MG.  Eur 
Respir  J  200l:17(3):343-.349. 

Despite  publication  of  several  management  guidelines  for  COPD,  rela- 
tively little  is  known  about  standards  of  care  in  clinical  practice.  Data 
were  collected  on  the  management  of  1400  cases  of  acute  admission  with 
Chronic  Obstructive  Pulmonary  Disease  in  38  UK  hospitals  to  compare 
clinical  practice  against  the  recommended  British  Thoracic  .Society  stan- 
dards. Variation  in  the  process  of  care  between  the  dillerent  centres  was 
analysed  and  a  comparison  of  the  management  by  respiratory  specialists 
and  nonrespiratory  specialists  made.  There  were  large  variations  between 
centres  for  many  of  the  variables  studied.  A  forced  expiratory  volume  in 
one  second  measurement  was  found  in  only  53%  of  cases.  Of  the  inves- 
tigations recommended  in  the  acute  management  arterial  blood  gases 
were  performed  in  79%  (interhospital  range  40-100%)  of  admissions 
and  oxygen  was  formally  prescribed  in  only  64%  (range  9-94%).  Of 


those  cases  with  acidosis  and  hypercapnia  35%  had  no  further  blood  gas 
analysis  and  only  13%  received  ventilatory  support.  Long-term  manage- 
ment was  also  deficient  with  246  cases  known  to  be  severely  hypoxic  on 
admission  yet  two-thirds  had  no  confirmation  that  oxygen  levels  had 
returned  to  levels  above  the  requirements  for  long-term  oxygen  therapy. 
Only  30%  of  current  smokers  had  cessation  advice  documented.  To 
conclude,  the  median  standards  of  care  observed  fell  below  those  rec- 
ommended by  the  guidelines.  The  lowest  levels  of  performance  were  for 
palicnts  not  under  the  respiratory  specialists,  but  specialists  also  have 
room  for  improvement.  The  substantial  variation  in  the  process  of  care 
between  hospitals  is  strong  evidence  that  it  is  possible  for  other  centres 
with  poorer  performance  to  improve  their  levels  of  care. 

LItility  of  Eehocardionraphy  in  Assessment  of  Pulmonary  Hyperten- 
sion Secondary  to  COPD — Higham  MA.  Dawson  D.  Joshi  J.  Nihoyan- 
nopoulos  P.  Morrell  NW.  Eur  Respir  J  2001:l7(3):350-355. 

Studies  have  confirmed  the  close  correlation  of  echocardiographically 
estimated  pulmonary  arterial  pressure  with  invasive  measurements  in 
patients  with  chronic  obstructive  pulmonary  disease  (COPD).  but  there 
are  few  data  on  utility  of  echocardiographic  measurement  in  assessing 
pulmonary  arterial  hypertension  (PH)  in  COPD  and  correlation  with 
pulmonary  function  tests.  Presence  or  absence  of  tricuspid  regurgitation 
(TR)  was  determined  by  Doppler  echocardiography  in  73  consecutive 
COPD  patients  attending  a  hospital  outpatient  clinic.  Transtricuspid  pres- 
sure gradient  (TTPG)  was  calculated.  PH  was  defined  as  TTPG  £30 
mniHg.  Patients  also  underwent  spirometry,  forced  expiratory  volume  in 
one  second  (FEV,).  single  breath  gas  transfer  (carbon  monoxide  transfer 
coefficient;  (K^,,)  and  carbon  monoxide  diffusing  capacity  of  the  lung; 
DL(-o)  and  arterial  blood  gas  measurement.  Measurable  TR  was  ob- 
served in  56/73  patients  (77%).  There  were  no  differences  between  the 
group  in  which  TR  was  observed  compared  to  that  in  which  it  was  absent, 
with  regard  to  age.  smoking  history  nor  pulmonary  function  variables. 
PH  was  seen  in  31/56  cases  (55%),  with  good  reproducibility.  There  were 
statistically  significant  correlations  of  TTPG  with  FEV,  (r=-0.26, 
p=0.05),  K^,„  (r=-0.3l.  p  =  0.04)  and  DLc,  (r  =  -0.42,  p  =  0.006) 
expressed  as  %  pred.  Stepwise  regression  analysis  showed  that  age  and 
Kfo  combined  provide  a  multivariate  model  for  prediction  of  TTPG.  h 
is  concluded  the  presence  and  degree  of  pulmonary  arterial  hypertension 
is  readily  and  reliably  determined  by  echocardiography  in  the  majority  of 
chronic  obstructive  pulmonary  disease  patients.  Pulmonary  arterial  hy- 
pertension is  common  in  severe  chronic  obstructive  pulmonary  disease 
and  transtricuspid  pressure  gradient  correlates  with  spirometry  and  indi- 
ces of  gas  transfer,  similar  to  previous  invasive  studies.  In  view  of  the 
adverse  effects  of  pulmonary  arterial  hypertension  on  morbiditv  and 
mortality  routine  echocardiography  in  patients  with  severe  chronic  ob- 
structive pulmonary  disease  may  be  warranted. 

Alpha, -.Antitrypsin  Genotyping  with  Mouthwash  Specimens — Stock- 
ley  RA.  Campbell  EJ.  Eur  Respir  J  2()01;17(3):356-359. 

Alphai-antilrypsin  (alpha, -AT)  deficiency  is  diagnosed  as  a  two-stage 
procedure  (concentration  and  phenotype).  However  the  latter  does  not 
provide  clues  to  the  presence  of  null  genes  without  family  studies  and 
obtaining  blood  from  patients  at  a  distance  often  proves  difficult.  The  aim 
of  the  study  was  to  assess  the  feasibility  of  genotyping  alphai-.AT  using 
buccal  cells.  Mouthwash  speciinens  were  sent  by  84  patients  (with  a 
variety  of  phenolypes  of  alpha, -antitrypsin)  through  the  post.  Deoxyri- 
bonucleic acid  (DNA)  was  isolated  from  buccal  cells  in  each  sample  and 
subjected  to  polymerase  chain  reaction  (PCR)  using  a  genotyping  kit  to 
detect  the  S  and  Z  alleles.  Eighty-three  of  84  samples  received  were 
suitable  for  amplification.  The  specific  primers  successfully  identified 
the  S  and  Z  alleles  in  each  case.  However,  five  of  the  35  samples  obtained 
from  patients  thought  to  be  Z  allele  homozygoles  were  found  to  be 
heterozygoies  for  another  severe  deficiency  allele.  These  data  confirm 
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the  feasibility  ol  'al  ilisianci;"  lesting  lor  alpliai-antilrypsm  ilclicicricy 
alleles  usinj;  huccal  colls  troiii  niiuithwash  samples  llic  results  raise  the 
possibility  that  other  denciency  alleles  are  more  common  than  has  pre- 
viously been  suspected. 

Inhaled  ('(irticosltiDid  I  lurapt  Kediuis  llu-  Kisk  nf  Kt'hiispitali/:i- 
tioii  and  Ail-t  ause  Mortality  in  hlderly  Asthmatics  Siii  1)1).  1  u  JV. 
Eur  Respir  J  2(K)l;17(3):380-385. 

lilderh  patients  willi  asiliTiia  ha\e  rclati\el\  hiiih  rales  ol  hospiiali/alion 
and  mortality.  .Mtliough  inhaled  corticosteroids  have  been  shown  to  im- 
prove outcomes  among  younger  patients  with  asthma,  their  uselulness  in 
elderly  patients  has  not  been  established.  Therefore,  a  population-based 
study  of  patients  b-S  yrs  of  age  or  older,  who  have  been  hospiiali/cd  at 
least  once  with  asthma  in  Ontario.  Canada  was  conducted  to  determine 
the  impact  of  inhaled  corticosteroids  on  rehospitali/ation  for  asthma  and 
all-cause  mortality  rates.  Data  from  the  Canadian  Institute  of  Health 
Information  was  used  to  capture  all  patients  65  yrs  of  age  and  older  who 
were  hospitalized  at  least  once,  with  the  most  n;sponslble  diagnosis  of 
asthma  in  Ontario,  Canada  between  fiscal  year  1992  and  1996.  This 
database  was  then  linked  with  drug  claims,  physician  billing  and  mor- 
tality databases.  In  total.  6.254  consecutive  elderly  patients  with  asthma 
were  Identified.  Si.\ty  percent  of  these  patients  were  given  at  least  one 
prescription  for  Inhaled  corticosteroids  within  90  days  posidlscharge  from 
their  Index  hospitalization  for  asthma.  Users  of  inhaled  corticosteroids 
postdischarge  were  29%  (95%  confidence  interval  (CI)  20%-38%)  less 
likely  to  be  readmitted  to  hospital  for  asthma  and  39%  (95%  CI.  20%- 
53%)  less  likely  to  experience  all-cause  mortality  compared  to  those  who 
did  not  receive  these  drugs  postdischarge  over  a  one  year  follow-up 
period.  These  findings  suggest  that  Inhaled  corticosteroids  are  beneficial 
In  reducing  the  risk  for  rehospltali/atlon  and  all-cause  mortality  In  elderly 
patients  with  asthma  who  have  recently  been  hospitalized  for  their  dis- 
ease. 

KeiieHt  from  the  Inclusion  of  Self- Treatiiienl  (iuidelines  to  a  Self- 
Management  Programme  for  Adulbi  with  Asthma — Klein  JJ.  van  der 
Palen  J.  I'll  SM.  Zlelhuls  GA.  Seydel  F.R.  van  Herwaarden  CL.  Eur 
Respir  J  2(K)l;17l3):3S6-.W4. 

This  study  assessed  the  long-term  efficacy  of  adding  self-treatment  guide- 
lines to  a  self-management  programme  for  adults  with  asthma.  In  this 
prospective  randomized  controlled  trial.  245  patients  with  stable,  mod- 
erate to  severe  asthma  were  included.  They  were  randomized  Into  a 
self-treatment  group  (group  S)  and  a  control  group  (group  C).  Both 
groups  received  self-management  education.  Additionally,  group  S  re- 
ceived self-treatment  guidelines  based  on  peak  expiratory  fiow  (PEF)  and 
symptoms.  Outcome  parameters  Included:  asthma  symptoms,  quality  of 
life,  pulmonary  function,  and  exacerbation  rate.  The  2-yr  study  was  com- 
pleted by  174  patients.  Both  groups  showed  an  improvement  In  the 
quality  of  life  of  7% .  PEF  variability  decrea.sed  by  32%  and  29'7< .  and  the 
number  of  o'ltpallent  visits  by  25%  and  18%  In  groups  S  and  C.  respec- 
tively. No  significant  differences  in  these  parameters  were  found  between 
the  two  groups.  After  I  yr,  patients  in  both  groups  perceived  better 
control  of  asthma  and  had  more  self-confidence  regarding  their  asthma. 
The  latter  improvements  were  significantly  greater  in  group  S  as  com- 
pared to  group  C.  There  were  no  other  differences  In  outcome  parameters 
between  the  groups.  Individual  self-treatment  guidelines  for  exacerba- 
tions on  top  of  a  general  self-management  programme  does  not  seem  to 
be  of  additional  benefit  in  terms  of  Improvements  in  the  clinical  outcome 
of  asthma.  However,  patients  in  the  self-treatment  group  had  heller  scores 
in  subjective  outcome  measures  such  as  perceived  control  of  asthma  and 
self-confidence  than  patients  In  the  control  group. 

Higher  Occurrence  of  .\sthma-Kelated  Symptoms  in  an  Trhan  than 
a  Stiliurhan    \rea  in  Adults,  but  Not   In  Children —\Vicnn"a  Mil. 


Vermcirc  PA.  Van  Ik-ver  HP.  Nelen  VJ.  Wcylcr  JJ.  Eur  Respir  J  2(XJ|; 
l7(3):422-427. 

In  young  adults,  a  higher  (Kcurrence  of  asthma-related  symptoms  was 
found  in  an  urban  than  an  adjacent  suburban  area  in  a  survey  performed 
In  1991  The  authors  now  wondered  whether  such  differences  could  be 
established  in  other  age  groups.  The  present  study  (in  1996)  included 
14.299  subjects,  aged  5-75  yrs,  of  a  random  sample  of  the  general  pop- 
ulation in  the  same  two  adjacent  areas:  the  centre  of  Antwerp  (Belgium) 
and  its  south  suburban  border.  The  standardized  European  Community 
Respiratory  Health  Survey  (ECRHS)  and  International  Study  of  Asthma 
and  Allergies  In  Childhood  (ISAAC)  questionnaires  were  used  to  assess 
the  occurrence  of  asthma-related  symptoms.  Higher  rales  were  confirmed 
in  urban  compared  to  suburban  Antwerp  in  adults  (20-75  yrs).  but  no 
such  area  differences  were  found  in  children  (5-8  and  12-15  yrs).  Ad- 
iustmcnl  for  a  number  of  recorded  risk  factors  did  not  seem  to  affect  the 
area  differences  In  asthma-related  symptoms.  Comparing  the  survey  re- 
sults of  1991  and  1996  in  20-44  yr  old  adults,  the  findings  suggest  a 
slight  increase  in  reported  respiratory  symptoms  in  both  areas.  A  higher 
occurrence  of  asthma  symptoms  was  observed  in  the  urban  than  suburban 
area  in  adults,  but  not  in  children.  This  might  be  explained  by  a  progres- 
sive effect  of  long-term  exposure  to  the  "urban  environment."  However. 
longitudinal  studies  are  necessary  to  further  clarify  the  factors  accounting 
for  these  age-related  area  differences. 

I'llrarine  Particles  in  I'rban  .\ir  and  Respiratory  Health  .\mong 
Adult  A.sthmatics  -Penltinen  P,  Timonen  KL,  Tiitlanen  P.  Mirme  A, 
Ruuskanen  J,  Pekkanen  J.  Eur  Respir  J  2001;17(3):428-435. 

Airborne  particles  are  associated  with  adverse  health  effects  and  contrib- 
ute to  excess  mortality  In  epidemiological  studies.  A  recent  hypothesis 
proposes  that  the  high  numbers  of  ultrafine  (<0.1  microm  diameter) 
particles  in  ambient  air  might  provoke  alveolar  infiammallon  and  subse- 
quently cause  exacerbations  in  pre-existing  cardiopulmonary  diseases. 
To  test  the  hypothesis  adult  asthmatics  were  followed  with  daily  peak 
expiratory  flow  (PEF)  measurements  and  symptom  and  medication  dia- 
ries for  six  months,  while  simultaneously  monitoring  particulate  pt)llu- 
tion  In  ambient  air.  The  associations  between  dally  health  endpolnts  of  57 
asthmatics  and  Indicators  of  air  pollution  were  examined  by  multivariate 
regression  models.  Dally  mean  number  concentration  of  particles,  but  not 
particle  mass  (PMIO  (particle  mass  <1()  microm).  PM2.5-10.  PM2.5. 
PMl).  was  negatively  associated  with  dally  PEF  deviations.  The  stron- 
gest effects  were  seen  for  particles  in  the  ultrafine  range.  However,  the 
effect  of  ultrafine  particles  could  not  definitely  be  separated  from  other 
traffic  generated  pollutants,  namely  nitric  oxide,  nitrogen  dioxide  and 
carbon  monoxide.  No  associations  were  observed  with  respiratory  symp- 
toms or  medication  use.  Particle  mass  measurements  can  be  strongly 
infiuenced  by  mechanically  produced,  soil-derived  particles,  which  may 
not  be  associated  with  adverse  health  effects.  Therefore,  air  quality  mon- 
itoring should  Include  particle  number  concentrations,  which  mainly  re- 
flect ultrafine  particles. 

Assessment  of  Passive  Kespiralory  Mechanics  in  Infants:  Double 
Vci^us  Single  Occlu.siun'.' — (ioctz  I.  Hoo  ,\\-.  Lum  S.  Stocks  J.  Eur 
Respir  J  2(Xll;17(3):449-455. 

The  single  breath  or  occlusion  technique  (SOTi  is  widely  used  to  assess 
passive  respiratory  mechanics  in  Infants,  but  depends  on  various  under- 
lying assumptions.  Recently,  it  has  been  proposed  that  such  measure- 
ments could  be  internally  validated  by  performing  two  brief  airway  iK- 
cluslons  dunng  the  same  expiration.  The  aim  of  this  study  was  to  evaluate 
the  use  of  the  double  occlusion  technique  (DOT)  using  a  new  commer- 
cially available  program  (Jaeger  MasterScreen  BabyBody  Erich  Jaeger 
GmbH,  Wurzburg.  Germany),  Paired  measurements  of  respiratory  sys- 
tem compliance  (CrsI  and  resistance  (Rrs)  using  both  SOT  and  DOT 
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were  oblained  in  IS  lie;illhy  scilaled  inl'anis  laue  range  4-41  weeks, 
weight  2.7-9.y  kg).  There  was  close  agreenienl  between  both  methods  of 
assessing  Cr^  in  all  infants,  the  mean  within-subject  difference  (95% 
confidence  interval  (CD)  for  DOT-SOT  being  -0.06  (-0.55-  +0.42)  mL  X 
kPa  '  X  kg  '.  By  contrast,  estimates  of  Rrs.DO  were  on  average  20% 
lower  than  those  for  Rrs.SO.  (mean  within-subject  difference  (95%  CI) 
being  -0.67  (-1.04-  -0..1I)  kPa  XL'  X  s;  p<0.()l).  The  relatively  lower 
\ allies  obtained  for  Rrs.lX)  may  reflect  the  higher  mean  lung  volume  at 
which  it  was  calculated,  lurlher  work  is  required  to  investigate  the  clin- 
ical and  epidemiological  relevance  of  this  new  approach,  and  whether 
there  are  any  ad\  aniages  of  using  both  techniques  when  assessing  passive 
mechanics  in  inlanls. 


F.\aluatlon  of  a  Slnipllfied  Oscillation  Technique  for  Assessing  Air- 
way Obstruction  in  Sleep  Apnoea-  1  irrv  k  kigau  .1.  Montserrat  JM. 
Ballcster  E.  Navajas  D.  Lur  Respir  J  :()(11;17(.M:456-461. 

The  forced  oscillation  technique  (FOT)  is  a  noninvasive  method  that  is 
useful  for  assessing  airway  obstruction  and  for  titrating  continuous  pos- 
itive airway  pressure  (CPAP)  in  patients  with  sleep  apnoea.  The  aim  was 
to  evaluate  the  routine  applicability  of  a  simplified  FOT  set-up  based  on 
recording  pressure  and  flow  at  the  level  of  the  CPAP  device,  i.e.  obvi- 
ating the  need  for  connecting  the  transducers  to  the  nasal  mask.  A  cor- 
rection to  account  for  the  tubing  and  the  exhaust  port  was  applied.  This 
simplified  FOT  was  evaluated  on  nine  patients  with  moderate  or  severe 
sleep  apnoea  during  routine  CPAP  titration.  Patient  impedance  measured 
by  the  simplified  FOT  (|Z|)  was  compared  with  actual  patient  impedance 
(|Zrsl)  measured  simultaneously  with  a  reference  FOT  based  on  record- 
ing pressure  and  flow  at  the  nasal  mask.  An  excellent  agreement  was 
found  between  (Z|  and  |Zrs]  over  the  wide  range  of  airway  obstruction 
explored  (4.8-72.1  cmH,0  x  s  x  L'):  [Z]  =  [Zrs]  x  0.86  +  1.3 
cmH;0  X  s  X  L"'  (r  =  0.99).  Moreover,  the  simplified  and  the  conven- 
tional FOT  settings  detected  the  same  respiratory  events  during  sleep. 
These  results  demonstrate  that  this  simplified  FOT  is  applicable  for  mea- 
suring airway  obstruction  during  routine  sleep  studies  in  patients  with 
sleep  apnoea. 


Long-Term  Use  of  .Mandibular  .Advancement  .Splints  for  Snoring 
and  Obstructive  Sleep  Apnoea:  A  Questionnaire  Survey — McGown 
AD.  Makker  HK.  Battagel  JM.  LEstrange  PR.  Ciranl  HR.  Spiro  .SO.  Eur 
Respir  J  200l;l7(.3):462-466. 

A  mandibular  advancement  splint  (M.'X.S)  may  be  an  alleniative  treatment 
for  snoring  and  obstructive  sleep  apnoea  (OSA).  However,  there  is  little 
subjective  or  objective  information  concerning  long-term  effectiveness, 
compliance  and  side  effects.  A  retrospective  questionnaire  was  used  to 
survey  these  issues  plus  patient  .satisfaction  and  maintenance  require- 
ments in  166  patients  who  could  have  worn  a  mandibular  advancement 
splint  for  over  a  year.  One-hundred  and  twenty-six  (76%)  subjects  re- 
turned the  questionnaire.  (84  with  OSA.  42  snorcrs).  of  whom  69  (55%) 
reported  still  using  the  splint  regularly.  47  (37%)  every  night.  The  most 
common  reported  reasons  for  stopping  use  were  discomfort  (29/  57; 
52%)  of  nonusers).  and  poor  perceived  efficacy  (12  subjects).  Users 
reported  more  daytime  symptoms,  and  they  and  their  partners  were  more 
likely  to  observe  improvements  with  splint  use.  Side  effects  were  re- 
ported by  49  subjects,  more  commonly  in  nonusers.  Sixty-five  of  67 
current  users  and  23  of  41  nonusers  reported  less  snoring  with  splint  use 
(p  =  <  0.{X)1).  Long-term  mandibular  advancement  splint  usage  ap- 
peared less  satisfactory  than  previously  reported,  however,  splints  were 
considered  effective  by  97'^{  of  current  users  and  even  by  over  half  of 
those  who  had  stopped  use.  Reasons  for  stopping  use  included  side 
effects,  social  circumstances,  dental  treatment,  as  well  as  lack  of  per- 
ceived efficacy. 


I'nipiirticiiial  I'ositive  Airway  Pressure:  .\  New  Concept  to  Treat 
()l)structi\e  Sleep  \pnoea — Juhas/  J.  Becker  H.  Cassel  W.  Rostig  S. 
IVlerJll.  lui  RcspiiJ  20(11  ;17(3);467-473. 

Propcirlional  positive  airway  pressure  (PPAP)  was  designed  to  optimize 
airway  pressure  for  the  therapy  of  obstructive  sleep  apnoea  (OSA).  In  a 
randomized  crossover  prospective  study,  the  clinical  feasibility  of  PPAP 
and  its  immediate  elfects  on  the  breathing  disorder  and  sleep  in  compar- 
ison with  continuous  positive  airway  pressure  (CPAP)  was  evaluated. 
Twelve  patients  requiring  CPAP  therapy  underwent  CPAP  and  PPAP 
titration  in  a  random  order.  Obstructive  and  mixed  respiratory  events 
could  be  completely  abolished  with  both  forms  of  treatment.  This  effi- 
cacy could  be  achieved  at  a  significantly  lower  mean  mask  pressure 
during  PPAP  titration  (8.45±2.42 cm  HjO)  compared  toCPAP(9.96±2.7 
cm  HiO)  (p=0.()02).  The  mean  minimal  arterial  oxygen  saturation  (S^,,,) 
(82.8±6.5%)  on  the  diagnostic  night  increased  significantly  (p<().001) 
to  an  average  S,,„,  of  93.35 ±  1.71%  and  93.19±2.9%  during  CPAP  and 
PPAP  titration.  Total  sleep  time,  slow  wave  sleep  and  rapid  eye  move- 
ment (REM)  sleep  increased  significantly  by  the  same  amount  during 
both  CPAP  and  PPAP  titration  (p- O.OOl ),  while  sleep  stage  nonrapid  eye 
movement  (NREM)  1  and  2  decreased.  Six  patients  preferred  the  PPAP 
titration  night,  four  patients  did  not  have  a  preference,  and  two  patients 
preferred  CPAP.  The  present  data  show  that  proportional  positive  airway 
pressure  is  as  effective  as  continuous  positive  airway  pressure  in  elimi- 
nating obstructive  events  and  has  the  same  immediate  effect  on  sleep. 
The  lower  average  mask  pressure  during  proportional  positive  airway 
pressure  implies  potential  advantages  compared  to  continuous  positive 
airway  pressure.  Proportional  positive  airway  pressure  presents  a  new 
effective  therapeutic  approach  to  obstructive  sleep  apnoea. 

.\irway  Resistance  .Measured  by  the  Interrupter  Technique:  Expi- 
ration or  Inspiration.  Mean  or  Median?  Bridge  PD.  McKenzie  SA. 

Eur  Respir  J  2001 .17(3):49.5-49S. 

The  measurement  of  airway  resistance  by  the  interrupter  technique  (RintI 
needs  standardization.  Should  measurements  be  made  be  during  the  ex- 
piratory or  inspiratory  phase  of  tidal  breathing'  In  reponed  studies,  the 
measurement  of  Rint  has  been  calculated  as  the  median  or  mean  of  a 
small  number  of  values,  is  there  an  important  difference?  Subjects  were 
2.5-5.0  yrs  (median  4.0  yrs)  who  had  previous  respiratory  symptoms. 
The  Rint  in  expiration  (RintE)  and  inspiration  (Rintll  pre  and  postsalbu- 
tamol.  the  coefficient  of  variation  (CVl  of  values  contributing  to  mea- 
surements, and  bronchodilator  responsiveness(BDR)  in  both  phases  were 
compared.  Measurements  using  median  and  mean  were  compared.  RintE 
was  higher  than  Rinll  by  4%  (p  <  0.01).  The  CV  of  values  making  up 
RintE  and  Rintl.  and  BDR  measured  in  expiration  and  inspiration  were 
similar.  The  median  difference  between  means  and  medians  of  values 
making  up  measurements  was  0.6%  (range  -6-1  Ki  I.  RintE  has  been 
shown  to  be  consistently  greater  then  Rintl  but  the  difference  in  this  study 
is  small.  It  is  suggested  that  one  or  the  other  is  chosen  as  the  standard.  In 
the  present  data  the  mean  of  a  set  of  values  contributing  to  a  measurement 
was  not  significantly  different  from  the  median.  However,  the  use  of  the 
median  has  been  recommended  since  it  is  less  affected  by  possible  out- 
lying values  such  as  might  be  included  by  fully  automated  equipment. 

New  .Xnti-.Xsthma  Therapies:  Suppression  of  the  Effect  of  Interleu- 
kin  (IL)-4  and  IL-5 — Kips  JC.  Tournoy  KCi.  Pauwels  R.A.  Fur  Respir  J 

2(K)l;17(3l:499-.M)6. 

Asthma  is  currently  defined  as  a  chronic  inflammatory  disorder  of  the 
airways.  The  central  role  of  allergen-specific  Th2  cells  in  the  regulation 
of  this  mucosal  airway  inflammation  has  been  highlighted.  Hence,  there 
is  large  interest  in  the  therapeutic  potential  of  an  anti-Th2  cell  approach. 
One  of  the  strategies  which  has  been  developed,  is  to  inhibit  the  effect  of 
interleukin  (11. 1-4  or  IL-5.  two  main  Th2  cell  derived  cMokines.  Inter- 
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lcukin-4  IS  pivotal  in  iIk-  palhojieiicsis  iil  alkT(;K-  iljsiirJi:rs  through  its 
wide  ranyi:  ol  i;tri"ct.s.  An  iniporlani  obM-rvation.  especially  iluring  sec- 
ondary antigen  exposure,  is  the  possihle  redundancy  with  ll.-l.V  Both 
cytokines  share  conmum  elemenls  in  their  receptor  and  intracellular  sig- 
nalling pathway.  .As  a  result,  compounds  can  be  develo|vd  that  selec- 
tively inhibit  the  effect  of  cither  IL-4  or  IL-13,  or  alternatively,  by  in- 
terfering with  the  common  pathway,  inhibit  the  effect  of  both  cytokines. 
Eosinophils  are  generally  seen  as  a  particularly  hannful  element  in  the 
allergic  inllammation.  The  importance  of  ll.-.'i  on  eosinophil  biology  has 
clearly  been  established.  Conversely,  in  man,  the  biological  effects  of 
IL-5  are  largely  limited  to  eosinophil  function  Therefore.  \\.-5  antago- 
nists ofler  the  unii.|ue  opportunity  of  selectively  neutralizing  the  effect  of 
eosinophils.  .Several  strategies  have  now  been  developed  that  success- 
fully inhibit  the  biological  effect  of  inlerleukin-4  or  inlerleukin-.S.  Some 
of  these  compounds  have  proven  to  be  biologically  active  in  man.  The 
challenge  now  is  to  establish  their  therapeutic  role  in  asthma. 

Imuging  (iuided  Thoracic  Interventions-  Ghayc  B.  Dondcliiigcr  RF. 
i;ur  Respir  J  2(H)I;I7(3):507-52S. 

Interventional  Radiology  is  a  technique  based  medical  specialty,  using  nil 
available  imaging  modalities  (lluoroscopy.  ultrasound,  computed  tomog- 
raphy, magnetic  resonance,  angiography!  for  guidance  ol  interventional 
techniques  for  diagnostic  or  therapeutic  purposes.  Actual,  percutaneous 
transthoracic  needle  biopsy  includes  core  needle  biopsy  besides  tine 
needle  aspiration.  Any  pleural,  pulmonary  or  mediastinal  fluid  or  gas 
col  lection  is  amenable  to  percutaneous  pul  monary  catheter  drai  nage .  Treat  - 
ment  of  haemoptysis  of  the  bronchial  artery  or  pulmonary  artery  origin, 
transcatheter  embolization  of  pulmonary  arteriovenous  malformations 
and  pseudoaneurysms.  angioplasty  and  stenling  of  the  superior  vena  ca- 
val  system  and  percutaneous  foreign  body  retrieval  are  well  established 
routine  procedures,  precluding  unnecessary  surgery.  These  techniques 
are  safe  and  effective  in  experienced  hands.  Computed  tomography  is 
helptul  in  pre-  and  postoperative  imaging  of  patients  being  considered  for 
endobronchial  stenting.  Many  procedures  can  be  performed  on  an  out- 
patient basis,  thus  increasing  the  cost-effectiveness  of  radiologically 
guided  interventions  in  the  thorax. 


The  Bias  Flow  Nitrogen  Washout  Technique  for  Mca.suring  the  Func- 
tional Residual  Capacity  in  Infants.  ERS/ATS  Task  Force  on  Stan- 
dards for  Inf.ml  Respiratory  Function  Testing — Morris  MG.  Gustafsson 
P.  Tepper  R.  C.appa  M.  Stocks  I    Eur  Respir  J  2(K)1;17(.^):.';20-.S,^6. 

The  functional  residual  capacity  (FRC)  is  the  most  commonly  measured 
static  lung  volume  in  infants.  It  is  important  for  interpreting  volume- 
dependent  pulmonary  mechanics,  e.g.  airway  resistance,  and  defining 
normal  lung  growth.  The  bias  flow  nitrogen  washout  technique  is  widely 
used  for  measuring  FRC  because  the  dead  space  and  circuit  resi.stance  are 
low,  making  it  suitable  for  small  or  sick  infants.  Moreover,  data  acqui- 
sition and  calculation  are  easily  programmed  for  a  personal  computer 
The  aim  of  this  paper  is  to  provide  recommendations  pertaining  to  equip- 
ment requirements,  study  procedures  and  reporting  of  data  for  functional 
residual  capacity  ineasuremenls.  While  measuring  the  functional  residual 
capacity  is  regarded  as  physiologically  and  clinically  important,  the  ac- 
curacy of  the  measurement  is  undoubtedly  equally  important.  Hence,  the 
paper  also  emphasizes  factors  influencing  the  accuracy  of  functional 
residual  capacity  measurements  independent  of  equipment  requirements. 
These  recommendations  represent  the  "Stale  of  the  Art"  in  2(X)0. 


Pediatric  Ventilation: 

KIDS    ARE    DIFFERENT 


•  NEW  CLASSROOM  VIDEO  • 
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Apnea  of  prematurity  (AOP)  is  frequently  managed  with  nasal  continu- 
ous positive  airway  pressure  (NCPAP).  Nasal  cannula  (NC)  are  used  at 
low  tlows  (<()..S  I./min)  to  deliver  supplemental  oxygen  to  neonates.  A 
number  of  centers  use  high-flow  nasal  cannula  (HFNCl  in  the  manage- 
ment of  AOP  without  measuring  the  positive  distending  pressure  (PDP) 
generated.  Objective.  To  determine  the  NC  flow  required  to  generate 
PDP  equal  to  that  pnivided  by  NCPAP  at  6  cm  H,0  and  to  assess  the 
etfectiveness  of  HFNC  as  compared  NCPAP  in  the  management  of  AOP. 
Method.  Forty  premature  infants,  gestation  28.7  ±  0.4  weeks  (mean  ± 
standard  error  of  mean),  poslconceptual  age  at  study  30.3  i  0.6  weeks, 
birth  weight  1256  ±  66  g,  study  weight  1260  i  63  g  who  were  being 
managed  with  conventional  NCPAP  for  at  least  24  hours  for  clinically 
significant  apnea  of  prematurity,  were  enrolled  in  a  trial  of  ventilator- 
generated  conventional  NCP.AP  versus  infant  NC  at  flows  of  up  to  2.5 
1  Jmin.  End  expiratory  esophageal  pressure  was  measured  on  NCPAP  and 
on  NC.  and  the  gas  flow  on  NC  was  ailjusied  to  generate  an  end  expi- 
ratory esophageal  pressure  equal  to  that  measured  on  NCPAP.  Two  6- hour 
periods  were  continuously  recorded  and  the  data  were  stored  on  com- 
puter. Results.  The  flow  required  to  generate  a  comparable  PDP  with  NC 
varied  w  ith  the  infant's  weight  and  was  represented  by  the  equation:  flow 
(L/min)  =  0.92  +  ().68x,  x  =  weight  in  kg.  R  =  0.72.  There  was  no 
difference  in  the  frequency  and  duration  of  apnea,  bradycardia  or  desatu- 
ralion  per  recording  between  the  2  systems.  Conclusion.  NC  at  flows  of 
I  to  2.5  Umin  can  deliver  PDP  in  premature  neonates.  HFNC  is  as 
effective  as  NCPAP  in  the  management  of  AOP. 


High-Flow  Na.sal  Cannulae  in  the  Mana)>enu'nt  of  Apnea  of  Prema- 
turity: .\  Comparison  with  Conventional  Nasal  Continuous  Positive 
,\irway  l*rcs.sure — Srecnan  C.  l.cmkc  RP.  Hudson-Mason  .\.  Osiovich 
H.  Pediatrics  2(X)I;I07(5):10X1-10X3. 


Closed!  oop  (lint  rolled  Inspired  Oxygen  Concentration  for  Mechan- 
iciillv  Ventilated  \  ery  Low  Kirlh  Weight  Infants  with  Krei|uenl  I  p- 
isode.s  of  Hypoxemia — Claure  N.  Gerhardt  T,  Everett  R,  Musanle  G. 
Herrera  C.  Bancalan  E.  Pediatrics  2001 .107(5):!  120-1124. 
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Abstracts 


Background.  Mechanically  vcntilalcd  very  low  birth  wcighl  infanls  often 
present  with  Irequeni  episodes  ol  hypoxemia,  and  maintaining  arterial 
oxygen  saturation  by  pulse  oximetry  (Sp,,,)  within  a  normal  range  by 
manual  fraction  of  inspired  oxygen  (F,,,,)  adjustments  is  difficult  and 
time  consuming.  Objectives.  An  algorithm  for  closed-loop  Fm,  control 
(cF,„,)  to  maintain  S^,,,  within  a  target  range  was  compared  with  con- 
tinuous manual  F,,,,  (niF,,,,)  adjustments  by  a  nurse  in  a  group  of  ven- 
tilated infants  who  presented  with  frequent  episodes  of  hypoxemia.  Re- 
sults. Fourteen  infants  (birth  weight:  712  ±  142  g;  gestational  age:  25  ± 
1.6  weeks;  age:  26  ±  1 1  days;  synchronized  intermittent  mandatory 
ventilation  rate:  24  ±  10  b/m;  peak  inspiratory  pressure:  17.5  ±  2.0  cm 
HiO:  positive  end-expiratory  pressure:  4.3  ±  0.5  cm  H,0)  were  studied 
for  2  hours  on  each  mode  in  random  sequence.  Both  modes  aimed  to 
maintain  S^o,  between  88%  and  96%.  There  were  15  ±  7  and  16  ±  6 
hypoxemic  episodes/hour  (S^,,,  <88%,  >5  s)  during  mF,o,  and  cF,qj, 
respectively;  episode  duration  was  41  ±  23  and  32  ±  15  s.  totaling  19  ± 
169r  and  17  ±  12';i  of  recording  time.  There  were  13  ±  10  and  10  ±  8 
hyperoxemic  episodes/hour  |S|„,.>96%.  >5  s)  during  mF|o,  and  cF|o, 
respectively;  episode  duration  was  27  ±  15  and  24  ±  19  s,  totaling  15  ± 
14";^  and  10  ±  9%  of  recording  time.  Mean  SpQ,  and  F,,,,  levels  were 
similar  during  both  modes.  The  nurse  made  29  ±  17  adjustments/hour 
during  mF|o,.  There  was  a  significant  increase  in  the  duration  of  nor- 
moxemia  (Spo,  between  88%-96'*)  during  cF.o,  (75  ±  13  vs  66  ±  14% 
of  recording  time).  Conclusion.  In  this  group  of  infants.  cF|o,  was  at  least 
as  effective  as  a  fully  dedicated  nurse  in  maintaining  Sp^.  within  the 
target  range,  and  it  may  be  more  effective  than  a  nurse  working  under 
routine  conditions.  We  speculate  that  during  long-term  use,  cF,q,  may 
save  nursing  lime  and  reduce  the  risks  of  morbidity  associated  with 
supplemental  oxygen  and  episodes  of  hypo-  and  hyperoxemia. 

,\ntibi()tic  Prcseribini;  Practices  in  a  Teaching  Clinic:  Comparison  of 
Resident  and  Staff  Physicians — Mincey  BA,  Parkulo  MA.  South  Med 
J  2001;94(4);365-369. 

BACKGROUND:  The  widespread  and  often  inappropriate  use  of  broad 
spectrum  antibiotics  in  the  outpatient  setting  is  recognized  as  a  significant 
contributing  factor  to  the  spread  of  bacterial  resistance.  We  hypothesized 
that  residents  prescribe  broader  spectrum  antibiotics  more  frequently  than 
staff  physicians  and  adopt  more  appropriate  prescribing  practices  with 
increasing  levels  of  training.  METHODS:  All  patient  visits  for  acute 
sinusitis  in  our  teaching  practice  between  July  I,  1995,  and  June  30, 
1997,  were  reviewed.  Comparisons  of  antibiotics  prescribed  were  made 
between  staff  and  residents  at  each  level  of  training.  RESULTS:  First- 
and  second-year  residents  were  more  likely  to  prescribe  narrow  spectrum 
antibiotics  (56%)  than  third-year  residents  (35%)  or  staff  (34%).  CON- 
CLUSIONS: Junior  residents  in  our  program  are  more  likely  to  prescribe 
narrow  spectrum  antibiotics  for  the  treatment  of  acute  sinusitis  than  are 
senior  residents  or  staff  With  advancement  in  level  of  training,  prescrib- 
ing practices  of  residents  come  to  resemble  those  of  their  supervising 
staff  physicians. 

A  Comparison  of  1'racheal  Tube  Tip  Designs  on  the  Passage  of  an 
Endotracheal  Tube  During  Oral  Fiberoptic  Intubation     Greer  JR, 

Smith  SP.  Strang  T.  Anesthesiology  2(J(J1  ;y4(  5 ):729    731 ;  discussion  5A. 

BACKGROUND:  The  design  of  an  endotracheal  tube  has  been  shown  to 
influence  the  passage  of  the  tube  through  the  glottis  during  fiberoptic 
intubation.  Difficulty  in  passing  the  endotracheal  tube  can  occur  if  the 
aryepiglottic  folds  obstruct  the  passage  of  the  bevel.  The  relevant  aspects 
of  endotracheal  tube  design  include  the  shape  of  the  bevel,  the  material 
used  by  the  manufacturer,  and  the  ability  of  the  tube  to  conform  to  the 
shape  of  the  fiberscope.  The  aim  of  the  current  study  was  to  compare  the 
ease  of  passage  through  the  glottis  of  two  different  tubes.  One  tube  was 
a  wire  reinforced  polyvinyl  chloride  tube  with  a  standard  bevel  and  the 
other  was  a  new  ly  designed  tube  w  ith  a  bevel  of  different  shape  and  made 


of  silicone  rubber.  The  new  design  is  for  use  with  the  a  commerical 
intubating  laryngeal  mask.  METHODS:  The  authors  studied  a  population 
of  30  patients  who  received  a  standard  anesthetic.  In  all  cases,  oral 
fiberoptic  intubation  was  attempted.  Anesthetic  was  administered  to  each 
patient  using  both  lubes,  and  before  the  study  the  order  of  the  tubes  was 
randomized.  The  difficulty  in  passing  the  tube  was  assessed  by  a  blinded 
observer  and  graded  using  a  three-point  scale  (grade  I:  no  difficulty 
passing  the  tube;  grade  2:  obstruction  to  passing  the  tube  relieved  by 
withdrawal  and  a  90  degrees  anticlockwise  rotation;  grade  3:  obstruction 
necessitating  more  than  one  manipulation  or  external  laryngeal  manipu- 
lation). RESULTS:  In  27  patients,  no  difficulty  was  shown  by  use  of  the 
silicone-tipped  tube.  In  only  three  patients  was  there  difficulty  that  ne- 
cessitated a  90  degrees  anticlockwise  twist.  With  the  wire-reinforced 
tube,  no  difficulty  was  experienced  on  14  occasions.  Grade  I  difficulty 
was  experienced  eight  times  and  difficulty  necessitating  more  than  one 
maneuver,  head  niovcment.  or  external  laryngeal  manipulation  was  seen 
on  eight  occasions.  Statistical  significance  was  achieved  at  p  =  0.0002 
(Wilcoxon  signed  rank  test).  CONCLUSIONS:  The  authors  conclude 
that  the  u.se  of  the  silicone-tipped  tube  wi(h  the  new  bevel  design  may 
provide  an  advantage  in  the  clinical  situation  of  fiberoptic  intubation. 

Pharyngolaryngea!  Morbidity  with  the  Laryngeal  Mask  .\ir«ay  in 
Spontaneously  Breathing  PatienLs:  Does  Size  Matter?  Grady  DM. 
McHardy  F,  Wong  J,  Jin  F.  Tong  D.  Chung  F.  Anesthesiology  2001; 
94(5):760-766. 

BACKGROUND:  Currently,  the  manufacturer  of  the  laryngeal  mask 
airway  (LMA;  Laryngeal  Mask  Company.  Ltd..  Northfield  End,  Henley 
on  Thames,  Oxon,  United  Kingdom)  recommends  using  as  large  a  mask 
size  as  possible.  The  aim  of  this  study  was  to  compare  the  incidence  of 
pharyngolaryngeal  morbidity  after  the  use  of  a  large  (size  5  in  males  and 
size  4  in  females)  or  small  (size  4  in  males  and  size  3  in  females)  LMA 
in  spontaneously  breathing  patients.  METHODS:  A  total  of  258  male  and 
female  patients  were  randomly  assigned  to  insertion  of  a  large  or  small 
LMA  while  breathing  spontaneously  during  general  anesthesia.  After 
insertion  of  the  LMA,  a  "just-seal"  cuff  pressure  was  obtained,  and 
intracuff  pressure  was  measured  at  10-min  intervals  until  just  before 
removal  of  the  LMA.  The  2-  and  24-h  incidence  of  postoperative  sore 
throat,  pain,  hoarseness,  dysphagia,  and  nausea  and  vomiting  was  as- 
sessed. Complications  after  LMA  removal,  including  body  movement, 
coughing,  retching,  regurgitation,  vomiting,  biting  on  the  LMA,  bron- 
chospasm,  laryngospasm,  or  the  presence  of  blood  on  the  LMA,  were 
recorded.  RESULTS:  The  use  of  a  large  LMA  was  associated  with  a 
higher  incidence  of  sore  throat  in  both  sexes  (20%  vs.  7%  in  men.  21% 
vs.  5%  in  women;  p  <  0.(J5)  and  a  higher  incidence  of  hoarseness  in  male 
patients  at  2  h  postoperatively  (21%  vs.  9%.  p  <  0.05).  There  was  a 
higher  incidence  of  sore  throat  in  male  patients  at  24  h  postoperatively 
with  the  use  of  a  large  LMA  (26%  vs.  12%,  p  <  0.05).  There  was  no 
difference  in  the  incidence  of  complications  of  LMA  removal  orother 
pharyngolaryngeal  morbidity,  such  as  difficulty  swallowing,  drinking, 
and  eating,  or  nausea  and  vomiting,  between  male  or  female  groups  at 
any  time  period  with  the  use  of  a  large  LMA.  CONCLUSIONS:  Selec- 
tion of  a  small  laryngeal  mask  airway  (size  4)  in  spontaneously  breathing 
male  patients  may  be  more  appropriate  to  limit  the  occurrence  of  sore 
throat  on  the  first  postoperative  day.  All  patients  had  a  fourfold  increased 
risk  of  developing  sore  throat  when  a  large  LMA  was  used. 

Optimal  Mean  Airway  Pressure  During  High-Frcqucncy  Oscillation: 
Predicted  by  the  Pressure-Volume  Curve — Goddon  S,  Fujino  ">',  llronii 
JM,  Kacmarek  RM.  Anesthesiology  2(X)l;94(5);862-869. 

BACKGROUND:  A  number  of  groups  have  recommended  setting  pos- 
itive end-expiratory  pressure  during  conventional  mechanical  ventilation 
in  adults  at  2  cm  H;0  above  the  lower  comer  pressure  (P,  ^ )  of  the 
inspiratory  pressure-volume  (P-V)  curve  of  the  respiratory  system.  No 
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Abstracts 


equivalent  recomrnendalions  lor  the  setlinj;  of  Ihe  mean  airuay  pressure 
(P,„)  during  high-lrequency  nscillalion  (HFO)  cxisl.  The  authors  ques 
tioned  if  the  P,,„  resulting  in  the  best  oxygenation  without  hemodynamic 
compromise  during  HFO  is  related  to  the  static  P-V  curve  in  a  large 
animal  n\odel  of  acute  respiratory  distress  syndrome.  METHODS;  Saline 
lung  lavage  v\'as  performed  in  seven  sheep  |2S*5  kg,  mean  ±  SD)  until 
the  arterial  oxygen  partial  pressure/fraction  of  inspired  oxygen  ratio  de- 
creased to  85127  mm  Hg  at  a  positive  end-expiratory  pressure  of  5  cm 
H,()  imitial  injury).  The  P, ,  (2()±  1  cm  H,0)  on  Ihe  mllation  limb  and 
the  point  of  maximum  curvature  change  (PMC;  26±  1  cm  H,0)  on  the 
dellalion  limb  of  Ihe  static  P-V  curve  were  determined.  The  sheep  were 
subjected  to  four  1-h  cycles  of  HFO  at  different  levels  of  P„„  (Pd  +  2. 
-1-6.-1-  10.  +  14  cm  H,0).  applied  in  random  order.  Each  cycle  was 
preceded  by  a  recruititient  maneuver  at  a  sustained  P,^  of  50  cm  H;0  for 
60  s.  RESULTS;  High-frequency  oscillation  with  a  P,„  of  6  cm  H,0 
above  P; ,  (Pc,  +  61  resulted  in  a  signillcant  improvement  in  oxygen- 
ation (p  <  0.01  vs.  initial  injury).  No  further  improvement  in  oxygen- 
ation was  observed  with  higher  P,,,.  but  cardiac  output  decreased,  pul- 
monary vascular  resistance  increased,  and  oxygen  delivery  decreased  at 
P.,„  greater  than  P„  +  6-  The  PMC  on  the  dellation  limb  of  the  P-V 
curve  was  equal  to  the  P^.,  +  6  (r  =  0.77.  p  <  0.05).  CONCLUSION: 
In  this  model  of  acute  respiratory  distress  syndrome,  optimal  P,,„  during 
HFO  is  equal  to  Pf-,    -I-  6.  which  coirelates  with  the  PMC. 

Comparis(m  of  Ihe  Intubating  Laryngeal  Ma.sk  .Airway  with  the  Fi- 
beroptic Intubation  in  Anticipated  Difficult  .Airway  Management — 

Langeron  O.  Senijen  I-.  Bourgain  J-L.  Marsac  A.  Cms  A-M.  Anesthesi- 
ology 2001;94;%8-972. 

Background;  The  intubating  laryngeal  mask  airway  (ILMA;  Fastrach; 
Laryngeal  Mask  Company.  Henley-on-Thames.  UK)  may  provide  an 
alternative  technique  to  nberoptic  intubation  (FIB)  to  facilitate  the  man- 
agement of  the  anticipated  difficult  airway.  The  authors  therefore  com- 
pared the  effectiveness  of  the  ILMA  with  FIB  in  patients  with  anticipated 
difficuU  intubation.  Methods:  One  hundred  patients,  with  at  least  one 
difficult  intubation  criteria  (Mallampati  class  111  or  IV,  thyromental  dis- 
tance <  65  mm.  interincisor  distance  <  .15  mm)  were  enrolled  (FIB 
group,  n  =  49;  ILMA  group,  n  =  51)  in  this  prospective  randomized 
study.  Anesthesia  was  induced  with  propofol  and  maintained  with  alfen- 
lanil  and  propofol  after  an  efficient  mask  ventilation  has  been  demon- 
strated. The  success  of  the  technique  (within  three  attempts),  the  number 
of  attempts,  duration  of  the  successful  attempt,  and  adverse  events  (ox- 
ygen saturation  <  90%.  bleeding)  were  recorded.  Results:  The  rate  of 
successful  tracheal  intubation  with  ILMA  was  94'/r  and  comparable  with 
FIB  (92'yH.  The  number  of  attempts  and  the  time  to  succeed  were  not 
significantly  different  between  groups.  In  case  of  failure  of  the  first 
technique,  the  alternative  technique  always  succeeded.  Failures  in  FIB 
group  were  related  to  oxygen  desaluration  (oxygen  saturation  <  90%) 
and  bleeding,  and  to  previous  cervical  radiotherapy  in  the  ILMA  group. 
Adverse  events  occurred  significantly  more  frequently  in  FIB  group  than 
in  ILMA  group  (18  vs.  OVr.  p  <  0.05).  Conclusion;  The  authors  obtained 
a  high  success  rate  and  comparable  duration  of  tracheal  intubation  with 
ILMA  and  FIB  techniques.  In  patients  with  previous  cervical  radiother- 
apy, the  use  of  ILM.A  cannot  be  reconiniended.  Nevertheless,  the  use  of 
the  ILMA  was  associated  with  fewer  adverse  events. 

Neonatal  l*uhniinar\  ll>perlension:  I  rea-(>ck-  Inlernudiales.  Ni- 
tric Oxide  i'ruductiun.  and  Carbamoyl-I'hosphate  S)  nthetase  Func- 
tion—Pearson DL.  Dawling  S.  Walsh  WF.  Haines  JL.  Christman  BW. 
Bazyk  A,  et  al.  N  Engl  J  Med  2(H)1;.144(24);  18.12-1 8.18. 

BACKGROUND:  Endogenous  production  of  nitric  oxide  is  vital  for  the 
decrease  in  pulmonary  vascular  resistance  that  normally  occurs  after 
birth.  The  precursor  of  nitric  oxide  is  arginine.  a  urea-cycle  intermediate. 
We  hypothesized  that  low  concentrations  of  arginine  would  correlate 


V.  iili  the  presence  of  persistent  pulmonary  hypertension  in  newborns  and 
that  Ihe  supply  of  this  precursor  would  be  affected  by  a  functional  poly- 
morphism (the  substitution  of  asparagine  for  threonine  at  position  1405 
I  ri4()5N])  in  carbamoyl-phosphate  synthetase,  which  controls  the  rate- 
limiting  step  of  the  urea  cycle.  METHODS;  Plasma  concentrations  of 
amino  acids  and  genotypes  of  the  carbamoyl-phosphate  synthetase  vari- 
ants were  determined  in  65  near-term  neonates  with  respiratory  distress. 
Plasma  nitric  oxide  metabolites  were  measured  in  a  subgroup  of  10 
palienls.  The  results  in  infants  with  pulmonary  hypertension,  as  assessed 
by  echocardiography,  were  compared  with  those  in  infants  without  pul- 
monary hypertension.  The  frequencies  of  the  carbamoyl-phosphate  syn- 
thetase genotypes  in  the  study  population  were  assessed  for  Hardy- Wein- 
berg equilibrium.  RESULTS;  As  compared  with  infants  without 
pulmonary  hypertension,  infants  with  pulmonary  hypertension  had  lower 
mean  (  ±SD)  plasma  concentrations  of  arginine  (20.2 ±8.8  vs.  39.8 ±17.0 
inicromol  per  liter,  p-  ().(K)1 )  and  nitric  oxide  metabolites  ( I8.8±  12.7  vs. 
47.2±11.2  microniol  per  liter.  p  =  0.()5).  .As  compared  with  the  general 
population,  the  infants  in  the  study  had  a  significantly  skewed  distribu- 
tion of  the  genotypes  for  the  carbamoyl-phosphate  synthetase  variants  at 
position  1405  (p-  (),()()5).  None  of  the  infants  with  pulmonary  hyperten- 
sion were  homozygous  for  the  T1405N  polymorphism.  CONCLUSIONS; 
Infants  with  persistent  pulmonary  hypertension  have  low  plasma  concen- 
trations of  arginine  and  nitric  oxide  metabolites.  The  simultaneous  pres- 
ence of  diminished  concentrations  of  precursors  and  breakdown  products 
suggests  that  inadequate  production  of  nitric  oxide  is  involved  in  the 
pathogenesis  of  neonatal  pulmonary  hypertension.  Our  preliminary  ob- 
servations suggest  thai  the  genetically  predetermined  capacity  of  the  urea 
cycle — in  particular,  the  efficiency  of  carbamoyl-phosphate  synthetase — 
may  contribute  to  the  availability  of  precursors  for  nitric  oxide  synthesis. 

Reduction  in  Colonization  and  Nosocomial  Infection  by  .Multire.si.s- 
tant  Bacteria  in  a  Neonatal  Unit  after  institution  of  Educational 
Measures  and  Restriction  in  the  Use  of  Cephalosporins — Calil  R. 
Marba  ST.  Von  Nowakonski  A.  Tresoldi  AT.  Am  J  Inlect  Control  2001: 

29(.l):  1.1.1-1,18. 

INTRODUCTION;  Previous  administration  of  third-generation  cephalo- 
sporins predisposes  to  colonization  and  intections  by  multiresistant  En- 
terobacter  sp.  The  emergence  of  multiresistant  bacteria  infections  in  a 
neonatal  unit  during  1995.  especially  Enlerolnwtcr  cloacae,  stimulated 
this  study.  OBJECTIVE:  To  evaluate  the  efficacy  of  measures  to  control 
colonization  and  nosocomial  infection  by  multiresistant  bacteria  in  a 
neonatal  unit.  SETTING:  A  tertiary  care  university  hospital.  Patients  and 
Methods:  This  study  was  conducted  from  October  1995  through  Decem- 
ber 1999  in  4  phases;  a  cross-sectional  study,  a  longitudinal  study  with 
intervention  measures,  monthly  cross-sectional  studies,  and  determina- 
tion of  nosocomial  infections  caused  by  multiresistant  bacteria  (oxacillin- 
resistant  StaplnUndccus  aureus  and  gram-negative  bacteria  resistant  to 
either  aminoglycosides  or  third-generation  cephalosporins).  Specimens 
for  surveillance  culture  were  obtained  through  umbilical  and  rectal  swabs, 
and  tracheal  aspirates  from  intubated  babies.  The  intervention  measures 
were  as  follows;  ( 1 )  appropriated  training  of  the  whole  health  care  team. 
emphasizing  measures  to  reduce  cross-colonization,  and  the  importance 
of  rational  usage  of  antibiotics  and  (2)  suppression  of  usage  of  third- 
generation  cephalosporins.  Risk  factors  were  analyzed  through  univariate 
and  multivariate  logistic  regression.  RESULTS;  In  the  first  phase.  12'f 
( 10/1 1 )  of  the  patients  were  colonized  by  multiresistant  bacteria  (29%  by 
multiresistant  E  cloacae  ).  In  the  second  phase.  142  patients  were  eval- 
uated: 33%  of  them  were  colonized  by  E  cloacae,  and  a  multiresistant 
strain  was  isolated  in  10.8%  (37/.142)  of  the  babies.  A  logistic  regression 
model  indicated  parenteral  nutrition  and  antibiotic  usage  as  risk  factors 
for  colonization  by  multiresistant  E  cloacae.  In  the  third  phase,  for  6 
months,  only  2  patients  were  colonized  by  multiresistant  E  cloacae.  In 
the  fourth  phase,  the  analysis  of  bacterial  resistance  profile  indicated  a 
reduction  of  nosiKomial  infections  due  to  multiresistant  bacteria  Irom  18 
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cases  in  1995  to  2  cases  per  year  until  1999.  CONCLUSION:  These 
results  have  shown  that  the  measures  adopted  were  effective. 


Inf't'ction  Conlnil  I'nisjrams  al  Children's  Hospitals:  A  nescriplion 
of  Structures  and  Processes — Girouard  .S.  Lciiiie  G.  Goodrich  K.  Jones 
S.  Ke>serlinL:  H.  Ralhore  M,  et  al.  Pediatric  Prevention  Network.  Am  J 
Infect  Control  2(M)1;29(.^):  145-151. 

BACKGROUND:  Infection  control  (IC)  structures  and  processes  deter- 
mine the  effectiveness  of  surveillance  efforts  to  prevent  infections  in 
health  care  settings.  METHODS:  A  survey  was  sent  to  56  children's 
hospitals  collaborating  in  the  Pediatric  Prevention  Network  (PPN).  RE- 
SULTS: Completed  surveys  were  returned  from  4K  hospitals.  Responsi- 
bility for  the  IC  program  resided  with  the  medical  director  (21%);  vice 
president  for  patient  care  {\S'7r):  quality  improvement  director  (17%): 
other  senior  hospital  administrator  (15%):  or  other  hospital  personnel 
(18%).  Forty-two  hospitals  had  an  IC  committee;  i2  had  antimicrobial 
restriction/control  policies;  and  21  had  an  antimicrobial  restriction/con- 
trol task  force  or  committee.  Components  of  antimicrobial  restriction 
programs  included  infectious  disease  specialist  approval,  restricted  for- 
mularies, selective  susceptibility  test  reporting,  and  staff  education  pro- 
grams. Many  methods  were  used  to  detect  infections,  including  micro- 
biology lalx)ratory  reports  ( I  (X)% ):  record  reviews  (98%);  informal  reports 
from  providers  (90% );  and  readmission  reviews  (77%).  CONCLUSIONS: 
Children's  hospitals  vary  widely  in  how  they  design  and  implement  their 
IC  functions.  These  variations  influence  adverse  event  detection  and 
nosocomial  infection  rale  calculations.  If  medical  errors,  including  nos- 
ocomial infections,  are  to  be  detected  and  hospital  rates  compared,  stan- 
dardized methods  to  collect,  analy/c.  and  report  data  are  needed.  The 
PPN  has  initiated  activities  to  standardize  surveillance  and  IC  practices  in 
participating  hospitals. 


Nosocomial  Infection  Rates  in  IS  Children's  Hospitals'  Neonatal 
and  Pediatric  intensive  Care  Units — Stover  BH,  Shulnian  ST.  Bratcher 
DF.  Brady  MT.  Levine  GL.  Jarvis  WR.  Pediatric  Prevention  Network. 

Am  J  Infect  Control  2(K)I:29(3):152-157. 

B.ACKGROUND:  Few  data  are  available  on  noscKomial  infections  (NIs) 
in  L'S  children's  hospitals'  neonatal  or  pediatric  intensive  care  units.  The 
Pediatric  Prevention  Network  (PPN I  was  established  to  improve  charac- 
teri/allon  of  NIs  in  pediatric  patients  and  to  develop  and  test  interven- 
tions to  decrease  NI.  METHODS:  Fifty  participating  children's  hospitals 
were  surveyed  in  1998  to  determine  NI  surveillance  methods  used  and 
neonatal  intensive  care  unit  (NICUl  and  pediatric  intensive  care  unit 
(PICU)  1997  NI  rales.  Data  were  collected  on  standardized  forms  and 
entered  and  analyzed  by  using  SPSS  for  Windows.  RESULTS:  Forty- 
three  (86%  I  children's  hospitals  returned  a  completed  questionnaire.  All 
reported  conducting  NICU  and  PICU  NI  surveillance  (range.  2-12;  me- 
dian, 12  months).  Nineteen  children's  hospitals  provided  NICU  NI  rate 
data  in  one  or  more  formats  suitable  for  comparison.  Denominators  used 
for  NICU  NI  rate  calculations  varied:  17  reported  overall  NI  by  patient- 
days;  1 9  reported  bloodstream  Infection  ( BSI )  by  central  venous  catheter 
(CVCl-days.  and  S  reported  BSI  by  patleni-days.  Sixteen  ( 16)  children's 
hospitals  reported  NICU  BSI  data  slralified  by  CVC-days  and  birth- 
weight  cohort,  and  ventilator-associated  pneumonia  (VAP)  by  birth  weight 
cohort  was  reported  by  12.  Twenty-four  children's  hospitals  reported 
PICU  NI  rate  data  in  one  or  more  formats  suitable  for  comparison. 
Denominators  used  for  PICU  NI  rate  calculations  also  varied:  20  reported 
overall  NI  rales  b>  palicni-days;  2.1  reported  BSI  rates  by  CVC-days.  and 
10  reponed  BSI  rates  b\  patient-days;  24  reported  V.AP  by  ventilator- 
days;  and  15  reported  urinary  tract  infections  (UTIs)  by  urinary  catheter- 
days.  Median  overall  NI  rates  per  KKK)  patient  days  were  8.9  in  NICUs 
and  13.9  in  PlCUs.  Median  NICU  NI  device-a.s,scK-iated  rates  by  birth 
weight  (>250()  g.  1.501-2500  g.  I(mi-I500  g.  and  £1000  g)  were  BSI 
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4.4.  4.7.  8.9.  and  12.6.  and  VAP  0.9,  1.1,  4.9.  and  3.5.  respectively. 
Median  PICU  NI  rates  per  KHK)  device  days  were  6. 5  for  BSI;  }J  for 
VAP;  and  5.4  for  UTI.  CONCLUSIONS:  The  number  of  months  ih^i 
NICU  or  PICU  NI  surveillance  was  conducted  varied  among  hospitals. 
Reported  NICU  and  PICU  NI  rates  varied  by  hospital;  soine  reported 
overall  NI  rates,  and  others  focused  on  one  or  more  particular  sites  of 
infection  (eg.  BSI  or  pneumonia).  Many  did  not  provide  NICU  devicc- 
a.ssociated  rates  stratified  by  birth-weight  group.  Denominators  used  to 
calculate  device-associated  infection  rates  also  varied,  with  hospitals  re- 
poning  either  patient-days  or  device-days.  These  findings  suggest  the 
need  to  determine  reasons  for  variations  and  to  identify  optimal  NI  sur- 
veillance methods  at  children's  hospitals  so  ihal  \alid  iiilcrhospital  NI 
rate  comparisons  can  be  made. 

Mechanical  Ventilation  in  Children  with  .Severe  .Asthma — Malmsirom 
K.  K;iila  M.  Korhoncn  K.  Ounder  T.  Nermes  M.  Klaukka  T.  et  al.  Pedialr 
I'ulmonol  :(K)I;31|6);405-4II. 

Hospital  admissions  for  childhood  asthma  have  increased  during  the  past 
few  decades.  The  aim  of  this  study  was  to  describe  the  need  for  mechan- 
ical ventilation  for  severe  asthma  exacerbation  in  children  in  Finland 
from  1976  to  1995.  We  reviewed  medical  records  and  collected  data 
retrospectively  from  all  5  university  hospitals  in  Finland,  thus  covering 
the  entire  population  of  about  5  million.  The  endpoints  selected  were  the 
number  of  admissions  and  readmissions  leading  to  mechanical  ventila- 
tion, duration  of  stay  in  the  hospital,  and  mortality.  Moreover,  asthma 
medications  prescribed  prior  to  admission  and  administered  in  the  inten- 
sive care  unit  (ICU).  as  well  as  the  etiology  of  the  exacerbation  associ- 
ated with  mechanical  ventilation  were  examined.  Mechanical  ventilation 
was  required  in  66  ICU  admissions  (59  patients).  This  constituted  ap- 
proximately 10%  of  all  632  admissions  for  acute  asthma  to  an  ICU.  The 
number  of  admissions  decreased  from  1976  to  1995:  41  admissions  be- 
tween 1976  and  1985  vs.  25  admissions  during  the  next  10-year  period. 
The  mean  age  at  admission  to  the  ICU  was  3.6  years,  and  46'7r  of  the 
patients  were  boys.  Prior  to  the  index  admission.  70*^  of  the  patients  had 
used  asthma  medication  such  as  oral  bronchodilator  (50% ).  inhaled  bron- 
chodilator  (20% ).  theophylline  (38%).  inhaled  glucocorticoid  (18%).  oral 
glucocorticoid  (5%).  and  cromoglycate  (7%^).  Respiratory  infection  was 
by  far  the  most  common  cause  of  all  the  exacerbations  (61%-),  followed 
by  food  allergy  (8%)  and  gastroesophageal  retlux  (3%).  In  28%  of  ca.ses 
the  cause  of  the  severe  asthma  exacerbation  could  not  be  identified.  In  the 
mechanically  ventilated  patients  readmissions  occurred  38  times  between 
1976  and  1985  vs.  5  times  between  1986  and  1995.  Five  of  the  patients 
who  received  mechanical  ventilation  died,  and  in  3  of  these  patients 
asthma  was  the  event  causing  death.  In  conclusion,  there  has  been  de- 
crea.se  in  the  number  of  first  and  repeat  ICU  admission  for  asthma  re- 
quiring mechanical  ventilation  between  1970  and  1995.  This  trend  oc- 
curred despite  a  simultaneous  5%  yearly  increase  In  hospital  adinissions 
for  childhood  asthma  during  these  2  decades. 

Functional  Residual  Capacity  and  Passive  Compliance  .Measurements 
after  .\ntenatal  Steroid  I'herapy  in  Preterm  Infant-S — McEvoy  C, 
Bowling  S,  Williamson  K.  Stewart  M,  Durand  M.  Pediatr  Pulmonol 
2001;3l(6):42.5-4.«). 

Studies  in  preterm  anim:il  models  have  shown  that  antenatal  corticoste- 
roids enhance  lung  maturation  by  improving  a  variety  of  physiologic 
variables,  including  lung  volumes.  Changes  in  lung  volume  of  pretenn 
infants  treated  with  a  full  course  of  antenatal  steroids  have  not  been 
investigated.  We  hypothesized  that  a  full  course  of  antenatal  steroids 
would  significantly  increase  functional  residual  capacity  (FRC)  in  treated 
vs.  untreated  preterm  infants.  The  objective  of  our  study  was  to  compare 
FRC  and  respiratory  mechanics  in  steroid  treated  vs.  untreated  preterm 
infants.  FRC  and  passive  respiratory  mechanics  were  prospectively  stud- 
ied within  36  hr  of  life  in  20  infants  (25-.^4  weeks  of  gestation!  who  had 


received  a  full  course  of  antenatal  steroids  and  in  20  matched  untreated 
preterm  infants.  FRC  was  measured  with  the  nitrogen  washout  method, 
and  respiratory  mechanics  with  the  single-breath  occlusion  technique. 
Preterm  infants  who  received  steroids  (n  =  20;  mean  birth  weight  = 
1.230  g;  gestational  age  =  28.8  weeks)  had  a  significantly  higher  FRC 
(29.5  vs.  19.3  mLAg;  p  <  0.001)  than  untreated  infants  (n  =  20;  birth 
weight  =  1,202  g;  gestational  age  =  28.5  weeks).  Passive  respiratory 
system  compliance  was  also  increased  in  treated  vs.  untreated  infants 
(p  <  0.05).  In  conclusion,  FRC  and  passive  respiratory  system  compli- 
ance were  significantly  improved  in  preterm  infants  (25-34  weeks  ges- 
tation )  treated  with  a  full  course  of  antenatal  steroids,  compared  to  matched 
untreated  infanls.  Although  this  study  was  not  randomized,  it  confirms 
that  antenatal  steroids  have  important  effects  on  pulmonary  function  that 
may  contribute  to  a  decreased  risk  of  respiratory  distress  syndrome  In 
treated  preterm  infants. 

Defining  an  Exacerbation  of  Pulmonary  Disease  in  Cystic  Fibroses — 

Dakiii  C,  Henry  Rl..  Field  P.  Morion  J.  Pediatr  Pulmonol  2(K)1;31(6); 
436-442. 

Despite  the  importance  of  pulmonary  exacerbations  in  CF  in  both  clinical 
and  research  settings,  both  published  evidence  and  consensus  are  lacking 
concerning  the  criteria  used  to  define  an  exacerbation.  The  use  of  hos- 
pitalization as  a  surrogate  measure  presupposes  uniformity  among  clini- 
cians in  diagnosis  and  treatment  of  exacerbations.  Our  aims  were  to 
evaluate  consensus  among  clinicians  about  the  variables  considered  help- 
ful in  diagnosing  an  exacerbation  requiring  treatment.  A  comprehensive 
list  of  symptoms,  signs,  and  investigations  used  to  define  exacerbations 
was  compiled  from  published  trials.  A  written  self-administered  ques- 
tionnaire included  the  list  in  age-appropriate  groups  to  survey  opinion 
about  the  helpfulness  of  each  item,  and  the  estimated  proportion  of  pa- 
tients admitted  within  a  month  of  diagnosis  of  an  exacerbation.  This  was 
sent  to  all  clinicians  managing  CF  patients  in  Ausu-alia.  There  were 
replies  from  59/91  clinicians  (65%;).  41/60  (68%-)  from  those  managing 
children  and  18/31  (58%)  from  those  managing  adults.  Responses  of 
those  managing  children  and  adults  differed  for  7/32  variables  (Mann- 
Whitney  test,  p  <  0.05).  Clinic  grouping  did  not  show  greater  consensus 
among  responses  of  pediatricians  (Kruskal-Wallis  test,  p  =  0.362).  Con- 
sensus. >74%  or  <26%r  of  respondents  rating  a  variable  helpful/very 
helpful,  was  found  in  only  50%^  of  variables  listed.  Estimated  admission 
rate  within  a  month  of  diagnosis  was  61%  (.30-100% )  for  those  manag- 
ing adults  and  48%  %5-l(X)%;)  for  pediatricians.  A  lack  of  consensus  was 
found  among  clinicians  managing  CF  about  the  variables  considered  in 
diagnosing  an  exacerbation.  The  estimated  proportion  admitted  within  a 
month  of  diagnosis  was  very  variable.  This  demonstrated  inhomogeneity 
in  approach  to  diagnosis  and  management  of  an  exacerbation  suggests  a 
significant  heterogeneity  of  clinical  care. 

Transition  Programs  in  Cystic  Fibrosis  Centers:  Perceptions  of  Pe- 
diatric and  Adult  Program  Directors — Flume  P.A.  Anderson  DI..  Hardy 
KK.  Cray  S.  Pedialr  Pulmonol  2(101  ;31(6l:443-4.50. 

There  is  a  growing  population  of  adults  with  cystic  fibrosis  (CF)  and  a 
need  for  development  of  adult  CF  programs.  Recommendations  for  trans- 
fer of  patients  to  an  adult  program  include  a  transition  program.  Our  goal 
was  to  assess  the  current  status  of  transition  programs  in  US  CF  centers. 
In  addition,  we  sought  to  determine  the  problems  related  to  the  transfer 
of  patients  to  adult  progr.ims  as  perceived  by  CF  center  program  direc- 
tors. A  survey  was  sent  in  1998  to  1 10  pediatric  and  44  adult  program 
directors  at  CF  centers  approved  by  the  Cystic  Fibrosis  Foundation  (CFF). 
with  a  response  rate  of  65.5%  and  72.7%.  respectively:  22.2%  of  pedi- 
atric centers  reported  having  a  non-CFF-approved  adult  program,  and 
38.9%-  had  no  specific  adult  program.  About  one  fifth  of  pediatric  centers 
cited  lack  of  an  adult  CF  physician  as  an  impediment  to  establishing  an 
adult  program.  ,Age  (82%  of  programs;  mean.  18.5  years),  but  not  mar- 
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riagc  (17.1%)  or  pregnancy  (24.8%).  was  used  as  a  criterion  for  (ransfer. 
Crilcria  precluding  iranst'er  included  palionl/family  resistance  (51.4%). 
disease  severity  (50..'5')i ).  and  developmental  delay  (46.7%).  The  concept 
of  transfer  is  introduced  to  the  patient  and  family  at  the  time  of  diagnosis 
in  a  minority  ( 14%)  of  programs.  Over  one  half  of  the  patients  did  not 
meet  the  adult  team  until  the  time  of  transfer.  Pediatricians  reported 
higher  perceived  parent,  patient,  pediatric  staff,  and  adult  staff  concerns 
about  transition  issues  than  did  adult  program  directors.  We  conclude  that 
there  is  a  lack  of  standardized  programs  lor  transfer  of  CI'  patients  from 
a  pediatric  to  an  adult  care  setting,  and  that  there  are  differences  between 
pediatric  and  adult  program  directors'  perceptions  of  concerns  that  CF 
patients,  their  families,  and  the  medical  teams  have  about  transfer.  These 
differences  ma>  impede  the  successful  transition  of  patients  into  an  adult 
program. 

Reduction  of  Oseiliatory  Pres.sure  .\lont>  the  Kndolraeheal  Tube  Is 
IndicatiM'  fur  Maximal  Kespiratiir\  (  onipllancc  Diiriti);  lllgli-hre- 
(|uenc>  Oscillatory  \entllatioM:  .\  Muthematicul  Model  Study  van 
Genderingen  HR.  Versprille  A.  Lecnhoven  T.  Markhorst  DG.  van  Vughl 
AJ.  Heethaar  RM.  Pediatr  Pulmonol  2001;3l(6):458-463. 


pulmonary  metastatic  disca.sc.  Ca.se  patients  and  control  patients  were 
matched  for  year  of  diagnosis,  age  at  diagnosis,  si/e  of  primary  tumor, 
and  nodal  status.  Data  analysis:  Multivariate  analysis  using  conditional 
logistic  regression  was  used  to  determine  the  odds  of  smoking  among 
women  with  pulmonary  metastatic  disease  compared  to  matched  control 
patients  without  pulmonary  metastatic  disease,  after  correction  for  po- 
tential confounding  factors.  RUSULT.S:  Thirty-eight  percent  of  the  case 
patients  vs  29%  of  the  control  patients  were  classified  as  ever-smokers; 
24. 1  %  of  case  patients  were  actively  smoking  at  the  time  of  breast  cancer 
diagnosis  vs  15.3%  of  the  control  patients.  The  unadjusted  odds  ratio  for 
active  smoking  was  1.76  for  women  with  pulmonary  meta.static  Jisea.se 
compared  to  women  without  pulmonary  metastatic  disease  (p  =  0.06).  In 
the  final  multivariate  model,  the  (xlds  ratio  for  active  smoking  among 
women  with  pulmonary  metastatic  disease  was  1.96  (p  =  0.06).  CON- 
CLUSKJNS:  There  appears  to  he  an  association  between  cigarette  smok- 
ing and  the  development  of  pulmonary  metastatic  disease  among  women 
with  breast  cancer.  This  may  explain  the  previously  noted  higher  breast 
cancer  fatality  rate  among  smokers.  The  relationship  between  smoking 
behavior  and  pulmonary  metasta-sis  from  breast  and  other  cancers  war- 
rants further  investigation. 


We  hypothesized  that  during  high-frequency  oscillatory  ventilation 
(HFOVl.  a  reduction  of  peak-to-peak  oscillatory  pressure  along  the  en- 
dotracheal tube  is  maximal  when  respiratory  system  compliance  is  max- 
imal. We  made  a  mathematical  model  of  the  endotracheal  tube  and  the 
respiratory  system  of  a  neonate  suffering  from  idiopathic  respiratory 
distress  syndrome  lIRDS).  The  model  consisted  of  linear  viscous  and 
inertive  elements,  a  non-linear  endotracheal  tube  resistance,  and  a  non- 
linear compliance  allowing  for  alveolar  recruitment  and  overdistention. 
Respiratory  compliance  was  maximal  at  the  transition  between  maximal 
recruitment  and  minimal  overdistention.  A  new  variable,  the  oscillatory 
pressure  ratio  (OPR).  was  defined  as  the  ratio  between  peak-to-peak 
oscillatory  pressures  at  the  distal  end  and  the  proximal  opening  of  the 
endotracheal  tube,  respectively.  The  respiratory  variables  of  four  patients 
were  fed  into  the  model,  and  the  relationship  between  respiratory  system 
compliance  and  OPR  was  detemiined.  OPR  decreased  as  compliance 
increased,  except  for  very  low  compliances  below  where  0.08  mL  cm 
H,0  ',  and  OPR  increased  with  increasing  compliance.  The  relationship 
between  mean  airway  pressure  P,„  and  OPR  revealed  that  the  minimal 
OPR  (range.  0.37-0.78)  and  maximal  respiratory  compliance  coincided 
at  the  same  P,„.  However,  the  relationship  did  depend  on  oscillation 
frequency,  applied  oscillatory  pressure,  and  endotracheal  tube  resistance, 
parameters  that  may  change  during  clinical  application  of  Hf-OV.  When 
81  peniiutations  of  nominal  and  extreme  respiratory  variables  were  used 
in  the  model,  the  minimum  OPR  (0.60  ±  0.23)  and  maximum  compli- 
ance coincided  in  all  cases.  These  model  experiinents  support  our  hy- 
pothesis. The  results  indicate  that  the  OPR  may  be  a  useful  index  to 
optimize  lung  expansion,  where  lung  recruitment  is  maximal  and  over- 
distention minimal.  In  vivo  tests  will  be  needed  to  reveal  the  feasibilily 
and  reliability  of  such  an  index  for  bicmiedical  and  clinical  application- 
Cigarette  Smoking  and  the  Risk  of  Pulmonary  Metastasis  from  Breast 
Cancer— Murin  .S.  Inciardi  J.  Chest  2(K)1  ;l  19(6):163.'>-I64(). 

Study  objectives:  To  determine  whether  there  is  an  a.ssociation  between 
cigarette  smoking  and  the  development  of  pulmonary  metastatic  disease 
among  women  with  brea.st  cancer.  DESIGN:  A  case-control  study.  SET- 
TING: The  University  of  California.  Davis  Medical  Center.  PARTICI- 
PANTS: Eighty-seven  women  patients  with  unilateral,  invasive  breast 
cancer  and  pulmonary  metastatic  disease  were  identified  as  cases,  and 
each  patient  was  matched  with  two  control  patients  who  did  not  have 


Is  It  Really  I'seful  to  Repeat  Outpatient  Pulmonary  Rehabilitation 
Programs  in  Patients  with  (  hronic  \ir»a\  Obstruction'.':  A  2->ear 
Controlled  .Study — liiglio  K.  Bianchi  L.  Anibrosino  N.  Fonda/ione  S. 

Chest  20()l;119l6i:16%-17()4. 

Study  objectives:  To  answer  the  following  questions:  in  patients  with 
chronic  airway  obstruction  (CAO),  ( I )  can  pulmonary  rehabilitation  lead 
to  similar  short-term  gains  at  successive,  yearly  interventions,  and  (2)  is 
there  any  real  clinical  or  physiologic  long-term  benefit  by  yearly  repe- 
tition of  pulmonary  rehabilitation  programs  (PRPs)'.'  DESIGN:  Random- 
ized, controlled  clinical  study.  SETTING:  Pulmonary  rehabilitation  cen- 
ter. PATIENTS:  Sixty-one  CAO  patients  studied  1  year  after  completing 
an  initial  8-week  outpatient  PRP  (PRPl).  INTERVENTION:  Patients 
were  randomly  classified  into  two  groups.  .\  second  PRP  (PRP2)  was 
completed  by  the  first  group  (group  I )  but  not  by  the  second  group  (group 
2).  One  year  later,  a  third  PRP  (PRP3)  was  performed  by  both  groups. 
MEASUREMENTS:  Lung  function,  cycloergometry,  walking  test,  dys- 
pnea, and  health-related  quality  of  life  ( HRQL)  were  assessed  before  and 
after  PRP2.  and  before  and  after  PRP3.  The  numbers  of  hospitalizations 
and  exacerbations  over  the  year  were  also  recorded.  RESULTS:  Com- 
plete data  sets  were  obtained  from  36  patients  ( 17  patients  in  group  I  and 
19  patients  in  group  2).  The  two  groups  did  not  differ  in  any  parameter 
either  before  PRPl.  after  PRPl.  or  at  randomization.  There  was  no  sig- 
nificant change  over  time  lor  airway  obslniction  in  either  group.  After 
PRP2,  exerci.se  tolerance,  dyspnea,  and  HRQL  improved  in  group  I. 
Nevertheless,  1  year  later,  patients  of  group  1  did  not  differ  from  patients 
of  group  2  in  any  outccmie  parameter,  such  that  in  comparison  to  before 
PRPl.  only  HRCJL  was  still  better  in  both  groups  24  months  after  PRPl. 
Yearly  hospitalizations  and  exacerbations  per  patient  significantly  de- 
creased in  both  groups  in  the  2  years  following  PRPl.  when  compared  to 
the  2  years  prior.  Nevertheless,  at  the  24-month  follow-up  visit,  a  further 
reduction  in  yearly  exacerbations  was  observed  only  in  group  1  but  not 
in  group  2  in  comparison  to  what  was  observed  at  the  12-month  fol- 
low-up visit.  The  PRP3  resulted  in  improvement  in  exercise  tolerance  in 
both  groups.  CONCLUSION:  In  patients  with  CAO,  an  outpatient  PRP 
can  achieve  benefits  in  HRQL  and  a  decreased  number  of  hospitaliza- 
tions, which  persist  for  a  period  of  2  years.  Successive,  yearly  interven- 
tions lead  to  similar  short-term  gains  but  do  not  result  in  additive  long- 
term  physiologic  benefits.  Further  reduction  in  yearly  exacerbations  seems 
to  be  the  main  benefit  of  an  additional  PRP. 
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Ventilator  Circuit  Changes:  "Wu  Wei"'  May  Save  Time,  Labor,  and  Money 

Jcan-Damion  Ricard  MD  and  Didier  Dreyfuss  MD 


Patients  undergciing  mechanical  ventilaticin  arc  exposeii 
to  the  risk  of  ventilator-associated  pneumonia  (VAP).Man> 
studies  that  have  addressed  pharmacologic  and  nonphar- 
macologic  interventions  to  avoid  or  reduce  the  incidence 
of  VAP  have  recently  been  comprehensively  reviewed.' 
Amongst  the  noiipharmacologic  interventions,  particular 
interest  has  grown  around  airway  management-  and  its 
potential  influence  on  VAP.'  Frequency  of  ventilator  cir- 
cuits changes  and  its  relation  to  VAP  has  been  one  of  the 
first  topics  investigatiirs  ha\e  focused  on. 

See  the  Original  Study  on  Page  891 

Back  in  1978.  Lareau  et  al  showed  that  incidence  of 
VAP  was  the  same  whether  the  circuits  were  changed 
every  8  or  24  hours.^  Several  years  later.  Craven  et  al 
showed  that  increasing  the  duration  of  use  of  the  circuits 
from  24  to  48  hours  not  only  did  not  increase  the  incidence 
of  V.\P.'  it  could  even  decrease  it."  The  problem  was 
finalK  cleared  in  1991  when  it  was  shown  for  the  first  time 
that  VAP  rate  was  the  same  whether  circuits  were  changed 
every  2  days  or  not  changed  at  all.'  This  important  finding 
was  later  confirmed  with  consistent  results  from  2  teams  in 
1995  s,')  Xat;en  together,  these  studies  have  indisputably 
shown  that  not  changing  circuits  does  not  increase  the 
incidence  of  VAP.  However,  and  despite  the  abundant 
evidence  for  this  simple  attitude,  a  recent  international 
multicenter  survey'"  highlighted  important  differences  be- 
tween countries  in  the  frequency  iif  circuit  changes.  In  this 
survey,  less  than  20'^^  of  Canadian  intensive  care  units 
(ICUs)  reported  changing  their  circuits  only  between  pa- 
tients, whereas  this  figure  rose  to  73.6Vf  in  France.  It  was 
suggested  that  to  some  extent  the  existence  of  French  stud- 
ies addressing  this  issue'  may  influence  French  practice 
patterns  only.  Similar  findings  were  obtained  concerning 
the  choice  of  humidificaiion.  with  heat  and  moisture  ex- 
changers being  preferentially  used  in  France,  whereas 
heated  humidifiers  were  used  by  a  majority  of  ICUs  in 
Canada."'  These  results  stress  the  lack  of  impact  of  pub- 


*  The  Chinese  concept  of  "wu  wei."  a.s  explained  in  the  report  by  Han  el 
al  in  this  issue  of  Rl.si'lR.vioRY  Cari:.  can  be  translated  as  "not  doing." 


lished  results  on  clinical  practice  and  the  intluence  a  na- 
tional expertise  in  a  given  subject  may  exert  on  natiiinal 
practice  patterns.  In  this  respect,  the  paper  b\  Han  ei  al 
published  in  this  issue  of  Rhspir.mokv  Carl  may  have 
important  clinical  and  economic  consequences.  In  that 
study,  the  authors  examine  the  rate  of  VAP  in  ICU  patients 
from  2  periods:  one  during  which  circuits  were  changed 
every  48  hours  and  the  other  where  the  circuit-change 
interval  was  7  days."  Using  a  noninvasive  VAP  diagnos- 
tic strategy  (Centers  for  Disease  Control  criteria),  they 
found  that  VAP  rate  significantly  decreased  when  the  cir- 
ctiil  change  interval  was  increased  from  2  to  7  days.  Han 
et  al  miisi  be  commended  ftir  having  performed  such  an 
important  study,  w  hich  included  a  total  of  644  patients  in 
less  ct)mfortable  conditions  than  Western  investigators  are 
accustomed  to.  Indeed,  in  their  hospital,  nearly  half  of  the 
patients  are  ventilated  outside  the  ICU!  Such  a  setting 
explains  why  it  was  difficult  for  them  to  obtain  extensive 
and  exhaustive  data  on  the  patients  included  in  their  stuily. 
The  mortality  rate  was  similar  in  both  periods,  but  we  are 
given  few  data  on  the  severity  of  the  patients"  illness  in  the 
2  groups,  the  reasons  for  mechanical  ventilation,  the  use  of 
antibiotics  prior  to  the  diagnosis  of  VAP,  or  the  prophy- 
laxis of  stress  ulcer.  These  are  important  factors  that  may 
intluence  VAP.  Nevertheless,  it  remains  that  in  that  par- 
ticular setting,  the  authors  have  clearly  shown  that,  at  the 
least,  extending  the  interval  between  2  circuit  changes  is 
safe  and  does  not  increase  the  risk  of  V.AP. 

As  stated  above,  there  is  now  no  dotibi  thai  increasing 
the  duration  of  use  of  ventilator  circuits  docs  not  increase 
the  rate  of  VAP.  The  question  that  remains  is  whether  or 
not  this  practice  reduces  the  rate  of  VAP. 

Table  I  reports  the  various  studies  that  have  addressed 
this  issue.  The  vast  majority  of  these  studies  found  no 
decrease  in  the  rate  of  VAP  with  less  frequent  circuit 
change.  Although  studies  differed  considerably  either  in 
design  or  in  the  methods  used  to  diagnose  VAP,  the  results 
appear  to  be  consistent.  Only  .^  of  the  8  studies''-^-''-"-'"' 
were  randomi/cd.  All  .^  studies  found  no  reduction  in  the 
rate  of  V.\P  w hen  circuits  were  less  frequently  changed,^  " 
one  of  these  studies  having  used  invasive  bacteriologic 
sampling  for  the  diagnosis  of  VAP.   ()nl>  one  stud\  (along 
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Tabic  I.      Kllccl  on  \  Al'  Raif  of  Extending  the  Interval  Between  Ventilator  Circuit  Changes 


StluK.  Year 


Patients  (n) 


Lareauct  al.  WH' 

484 

Drcyfusset  al.  IWI' 

63 

Hessetal.  1995" 

3.423 

Kolleretal.  1995" 

300 

Longet  al.  19%'- 

447 

Kotilalnen  and  Keroack. 

146 

1997" 

Fink  et  al,  1998'-' 

637 

Hanetal.  2001" 

644 

VAP  =  vcnlilalor-as-sociatcd  pneumonia. 

CDC  =  United  States  Center  for  Disea.se  Control. 


Study 
Design 


\'  \P  ni.ii;nosiic  PriK.ediire 


Intervention 


Sequential  CDC  enleria  8  vs  24  h 

Randoini/ed  Lower  respiratory  tract  sampling         2  d  vs  no  change 

with  quantitative  cultures 

Sequential  CDC  criteria  2  vs  7  d 

Randomized  CDC  criteria  7  d  vs  no  change 

Randonii/cd  CDC  criteria  2  vs  7  d 

Sequential  CDC  criteria  3  vs  7  d 


Sequential        CDC  criteria 
Sequential        CDC  criteria 


2  vs  7  d  and  30  d 
2  vs7d 


Result 

No  ditlerence 
No  difference 

No  difference 
No  difference 
No  difference 
No  difference 

Less  VAP  with  7  d  and  30  d 
Less  VAP  with  7  d 


with  the  present  studs  h\  Han  et  al)  reporteil  that  less 
frequent  circuit  change  reduced  incidence  of  VAP.'^  How- 
ever, as  acknowledged  by  the  authors,  their  study  was 
limited  by  the  lack  of  a  concurrent  control  group  and  the 
comparison  of  other  potential  risk  factors  for  VAP  (eg, 
pre-V.AP  antibiotic,  antacid  therapy).'''  Given  these  re- 
sults, it  seems  fair  to  say  that  there  are  more  convincing 
data  in  favor  of  the  absence  of  reduction  in  \  .\P  rate  u  iih 
less  frequent  change. 

In  the  same  way  as  extending  the  duration  ol  use  of  heat 
and  moisture  exchangers,'-''"-"  one  of  the  major  advantages 
of  less  frequent  circuit  changes  lies  in  the  important  re- 
duction in  the  cost  of  mechanical  ventilation.  Lowering 
expenditures  is  obtained  by  2  means:  first,  substantially 
fewer  circuits  are  used  for  each  patient  (at  the  most  only 
one  is  necessary  per  patient),  and.  second,  staff  labor  is 
reduced.  As  stated  above,  despite  the  large  body  of  evi- 
dence proving  that  this  practice  is  eas\  to  implement,  safe, 
and  cost-effecti\e.  a  number  of  ICUs  do  not  appl\  it.  even 
more  so  in  Canada  than  in  France.'"  This  may.  in  pail, 
account  for  differences  in  the  costs  of  mechanical  \entilation 
that  could  exist  between  these  2  Western  countries.'"  .Some 
may  argue  that  the  cost  sas  ings  that  result  from  less  frequent 
circuit  change  are  minimal  when  compared  to  other  expen- 
ditures such  as  antibiotics  or  anti\  iral  therapies.  Nevertheless, 
"il  n"v  a  pas  de  petites  economies"  as  we  would  say  in  France 
("any  saving  is  worth  taking,  however  small  it  mav  be""),  and 
this  mav  be  even  more  tnie  in  China. 


Jean-Damien  Kicard  .\1D 
Diclitr  Dreyfuss  MD 

.Service  de  Reaiiimalion  Medicale 

Hopital  Louis  Mourier. 

(Assistance  Publique-Hopitaux  de  Paris) 

Colombes.  France 
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Effects  (){'  Decreasing  the  Frequency  of  Ventilator  Circuit  Changes 
to  Every  7  Days  on  the  Rate  of  Ventilator- Associated  PneuFiionia 

in  a  Beijing  Hospital 

Jiang  Na  Han  MI).  Ya  Ping  Liu  RRT.  Sui  Ma  MH.  Yuan  Jiie  Zhu  MD.  Si  Fltia  Sui. 
Xiao  Juan  Chen,  Dong  Mei  Luo,  Alexander  B  Adams  MPII  RRT  FAARC,  and  John  J  Marini  Ml) 


IMKODl'CnON:  \\v  invtstijiiitcd  whether  clecreasiiif;  ventilator  eireiiit  changes  from  every  2 
clavs  to  e\er\  7  days  wmild  impact  veiitiiator-avsoeialed  pneumonia  rates  at  our  institution.  MKI II- 
ODS:  All  mechanically  ventilated  patients  at  Pekin};  Inion  Medical  (  ollejje  Hospital  were  studied 
over  a  21  month  period.  I  rom  March  l<><>S  to  lehruary  1999,  ventilator  circuits  were  changed  every 
2  days,  and  from  .|une  through  Decemher  I9y<>,  ventilator  circuits  were  changed  every  7  days. 
Nosocomial  pneumonia  was  identilled  using  the  criteria  ol  the  (enters  lor  Disease  (  ontrol.  RK- 
SIMS:  In  the  2-da>-change  group,  there  were  2,277  ventilator-patient  days  and  38  patients  de- 
veloped pneumonia,  resulting  in  a  pneumonia  rate  of  16.7  cases  per  1,000  ventilator  da,\s.  Ihe 
7-day-change  group  accumulated  972  ventilator  days  and  8  patients  contracted  pneumonia,  result- 
ing in  a  pneumonia  rate  of  8.2  cases  per  1,000  ventilator  da.\s.  Ihe  pneumonia  rate  was  significantly 
lower  in  the  7-day-change  group  (p  =  0.007).  lo  standardize  Im-  seasonal  sariahility,  we  compared 
results  from  the  same  seasonal  time  frames  (.lune  to  Decemher  I99S  for  the  2-da\ -change  group, 
and  .June  to  Decendnr  1999  for  the  7-day-change  group),  and  ohtained  similar  findings:  during 
those  periods,  pneumonia  rates  were  24.2  cases  per  1,000  ventilator  days  for  the  2-day-change  group 
and  8.9  cases  per  1,000  ventilator  days  for  the  7-day-change  group  (p  =  0.001).  C()N(M'SI()N.S: 
A  circuit  change  interval  of  7  days  had  a  lower  risk  of  ventilator-associated  pneumonia  than  a 
2-day  change  interval.  Iherefore,  ventilator  circuits  can  be  safely  changed  every  7  days  in  our 
setting.  Key  words:  nosocomial  pneumonia,  meduinical  ventilation,  icspiratorx  therapy,  ventilator 
circuit  (11011,1;^  China.    |  Rcspir  Cure  200  I  ;46(9):S91-8961 


Introduction 

Daily  changing  of  ventilator  circuitry  had  been  a  stan- 
tlard  practice  based  on  outbreaks  of  nosocomial  pneumo- 
nia ni  the  1960s.'  The  described  cases  of  pneumonia  were 
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associated  with  contaminated  nebuli/er  reservoirs  that  de- 
livered aerosolized  bacteria  directly  lo  patients"  airways 
and  lungs,  .Since  most  current  mechanical  ventilators  use 
humiditiers  that  produce  molecular  water,  the  aerosolized 
transiTiission  of  bacteria  would  not  seem  to  pose  an  im- 
portant risk  of  pneumonia  in  ventilated  patients.'  The  risk 
factors  for  pneumonia  in  patients  receiving  mechanical 
ventilation  were  systematically  studied  by  Craven  el  al.-  ■• 
who  reportctl  that  uhcn  substantial  bacterial  coloiii/aiion 

See  the  Related  Editorial  on  Page  888 


was  present  in  the  respirator\  tiihing,  iheie  was  no  sigml- 
icant  increase  in  airuay  coloni/alioii  after  48  hours,  com- 
pared to  24  hours  1)1  conlinuous  \eniilation.-  Thev  found 
that  circuit  colonization  originates  prmiaril)  Irom  die  pa- 
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lionl's  secretions  aiitl  ihal  ednlaminak-d  cinulensak-  iua\ 
collect  in  the  ventilator  circuit,  increasing  the  risk  ot  \eii- 
tilator-associated  pneumonia  (VAP).'  The  possibility  ot 
spillage  of  condensate  into  the  airways  was  supported  hy 
a  later  study  indicating  that  changing  \entilator  circuits 
e\ery  24  hours  rather  than  every  48  ht)urs  increased  the 
risk  ot  pneumonia,  presumably  by  increasing  manipulation 
of  the  circuitry,  with  consequent  translocation  of  contam- 
inated condensate  into  the  patient's  airway.' 

In  1491  Dreyfuss  et  al"  investigated  the  association  be- 
tween \entilator  circuit  change  frequency  and  pneumonia, 
finding  that  the  incidence  of  pneumonia  was  not  signili- 
cantly  higher  when  the  circuits  were  never  changed,  com- 
pared to  circuit  change  every  4S  hours.  They  concluded 
that  substantial  savings  in  disposable  tubing  costs  and  per- 
sonnel time  could  be  realized  by  reducing  circuit  change 
frequcncv.  w  ithout  an  increase  in  the  rate  of  pneumonia.'' 
Based  on  such  obser\ations.  the  United  States  Centers  lor 
Disease  Control  (CDC)  altered  their  guidelines  for  preven- 
tion of  nosocomial  pneumonia  to  state  that  "daily  change 
in  \entilator  circuits  may  be  extended  to  a  48  hours.  .  .  . 
The  maximum  time,  however,  that  a  circuit  can  be  safely 
left  unchanged  on  a  patient  has  yet  to  be  determined."" 

More  recent  research  in  acute  and  subacute  care  settings 
has  suggested  that  extending  the  interval  between  ventila- 
tor circuit  changes  beyond  2  days  (7,  14,  or  30  d,  or  no 
change)  does  not  increase  the  incidence  of  nosocomial 
pneumonia  and  may  even  reduce  it.''-'"  Significant  cost 
savings  was  a  consistent  finding  from  those  extended-in- 
terval studies. **-'- 

Unlike  the  majority  of  United  .States  hospitals.  Chinese 
hospitals  do  not  ha\'e  respiratory  care  practitioners  to  stan- 
dardize \entilator  management.  We  wondered  whether  the 
aforementioned  reports  were  valid  in  our  institutiiin.  To 
what  extent  does  the  practice  of  reducing  circuit  change 
frequency,  developed  primarily  in  Western  hospitals  and 
in  niin-Asian  populations,  apply  to  Chinese  patients  m  our 
setting'.'  To  address  this  i|uestion.  we  conducted  the  present 
study  at  Peking  Union  Medical  College  Hospital  to  com- 
pare VAP  rates  associated  with  circuit  changes  of  every  2 
days  versus  every  7  days. 


Methods 


Patient  Selection 


The  patients  were  recruited  at  Peking  Lhiion  Medical 
College  Hospital,  a  l,()()()-bed  tacility  with  .S(K)  patients 
receiving  mechanical  \cntilation  per  year  in  the  pulmo- 
nary intensi\e  care  unit  (ICUl,  surgical  ICU,  coronary  care 
unit,  emergency  department,  and  other  critical  care  areas 
throughout  the  hospital.  Data  related  lo  all  \cnlilalccl  pa- 
tients were  collected  on  a  standardized  torm  and  trans- 
ferred to  the  database  in  our  respiratory  care  center.  From 


the  ciillccli\c  database  we  ^iclc^nlllled  the  number  of  pn- 
tients  rccci\  ing  inechamcal  \entilation,  the  number  de\el- 
oping  pneumonia,  the  number  of  ventilator  days  elapsing 
prior  to  a  diagnosis  of  pneumonia,  accumulated  days  of 
mechanical  \entilation,  and  mortality  in  ventilated  patients. 
Patients  who  were  not  intubated  (ie,  were  \entUated  non- 
invasively)  were  not  inclutled  m  the  study. 

During  a  21 -month  periotl,  all  patients  receiving  inva- 
sive mechanical  ventilation  were  concurrently  evaluated 
by  twii  of  the  authors  (DML  and  JNH)  to  identify  the 
presence  of  VAP,  using  the  1 988  CDC  criteria. '  ^  The  2-day 
circuit  change  group  consisted  of  41.^  patients  recei\ing 
mechanical  ventilation  during  a  12-month  period  from 
March  1998  to  February  1999.  From  March  to  May  1999  a 
circuit  change  interval  of  7  ilays  was  gradually  instituted. 
During  this  period  122  other  patients  were  reviewed,  but 
the  data  were  not  included  in  the  analysis  because  in  some 
units  the  circuits  were  changed  every  2  days  and  in  the 
others  every  7  days.  The  7-day-change  group  had  231 
patients  evaluated  from  June  1999  to  December  1999. 

The  study  design  was  approved  by  the  Infection  Control 
Committee  of  Peking  Union  Medical  College  Hospital, 
Except  for  the  frequency  of  ventilator  circuit  changes,  the 
care  of  patients  was  not  otherw  ise  affected  by  the  present 
study.  There  were  no  important  changes  in  antibiotic  use 
or  nutritional  support  during  the  study  period. 

Diagnosis  of  Ventilator-Associated  Pneumonia 

The  CDC  criteria  for  nosocomial  pneumonia  include 
various  conibinations  of  clinical,  radiographic,  and  labo- 
ratory evidence  of  infection.  The  diagnt)sis  of  pneumonia 
must  meet  one  of  2  conditions: 

1.  Rales  or  dullness  to  percussion  on  physical  examina- 
tion of  chest,  new  onset  of  purulent  sputum  or  change  in 
character  of  sputunt,  a  pathogen  isolated  by  blood  culture, 
and/or  isolation  of  a  pathogen  from  a  specimen  obtained 
by  transtracheal  aspirate  or  bronchial  lavage,  or 

2.  New  or  progressive  infiltrate,  consolidation.  ca\  ita- 
tion,  or  pleural  effusion  on  chest  radiographic  examina- 
tion, new  onset  of  purulent  sputum  or  change  in  character 
of  sputum,  or  organism  isolated  from  blood  culture  and/or 
isolation  of  pathogen  from  specimen  obtained  h\  transtra- 
cheal aspirate  or  bronchial  lavage.'' 

A  nosocomial  pneumonia  was  considered  ventilator- 
associated  if  it  occurred  -'  24  hours  after  the  initiation 
of  mechanical  ventilation  or  within  48  hours  after  ven- 
tilator disconnection,  unless  the  |iatienl  had  a  witnessetl 
aspiialion  within  the  first  24  hours  of  initiation  of  the 
ventilator.'-  In  the  event  of  unsuccessful  weaning  (ie, 
vcntilatorv  support  required  <  48  hours  after  weaning), 
the  patient  was  kept  in  the  study  until  permanent  dis- 
continuation of  mechanical  ventilation.  The  mortality 
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.nialsMs  iikIiuIcJ  am    sluilioil  palu'iil   who  ilicil  iluiiii'j 
hospiiali/aliiiii. 

iu|iiipiiu-iil  :in(l  \  I'lililalioii   ri'cliiiiqiu' 

raticnis  ucri.-  incchaiin.all\  \  ciUilalcd  w  illi  ciiIkt  a  .Scr\() 
MOOC"  oi  Servo  300  (Sicmons-Elema.  Solna.  Swciicii) 
oquippcil  vsith  a  wick-lsiK'  liiiinidifiL'r  IMK7.M),  lishcr  & 
Paykcl.  Aucklarui.  Ncu  /calaiuh.  Ilic  inspiratoiA  limb  of 
the  ventilator  ciivuii  haJ  a  healed  uiie  lo  reduee  the  I'oi- 
malioii  ofeoiulensale  aiul  therehs  einiimale  ihe  need  lor  a 
water  trap  in  the  iiiNpirator\  Imih.  Ilie  expiratory  limb  had 
a  water  trap  imdw  as  betw  eeii  the  ventilator  and  the  patient 
(to  eolleet  liibiiii;  eondensalel.  and  the  trap  v\as  emplieil 
vshen  a  subslaiuial  aim>unt  of  eoiidensate  coileeted.  The 
inspiraloiA  limb  prmided  a  jias  iem|-)erature  of  33-36°  C  at 
the  proNimal  end  ot  ihe  endolracheal  lube.  The  hiimiditlcr 
reser\oir  was  periodieall)  refilled  w  ilh  sterile  water,  usinji 
aseptic  technique.  The  ventilator  circuits  (including;  swivel 
adaptor,  Y-pieee.  inspirators  and  e\piralor\  liibini;.  healetl 
wire,  water  trap,  and  himiidifier  reservoir)  were  reusable 
and  sterilized  between  patients.  A  disposable  open  suc- 
lionmi!  sssiem  was  used  with  all  patients.  Aerosol  therapy 
durins:  mechanical  \enlilation  was  not  routinely  delivered 
and  was  limited  to  patients  with  obstructive  airway  dis- 
ease. Nasogastric  lubes  vsere  placed  in  palienis  w  ho  needed 
gastric  suction  or  enteral  feeding. 

Circuit  Chanfie  Practices 

Ventilator  circuits  were  changed  at  the  predetermined 
intervals.  In  addition,  ventilator  circuits  were  changed,  in 
part  or  whole,  when  the  circuit  was  visibly  soiled  or  there 
was  a  suspected  mechanical  malfunction  of  the  circuitry. 

Statistical  Analysis 

The  variables  assessed  in  both  groups  of  patients  are 
expressed  as  mean  for  age  and  median  for  the  duration  of 
mechanical  ventilation.  Comparisons  between  the  2  pa- 
tient groups  were  by  Stutlenl's  t  test  for  age  and  chi-square 
test  for  pneumonia  and  mortality  rales.  The  Wilcoxon 
2-sample  test  was  used  to  compare  the  duration  of  me- 
chanical \entilation.  Differences  with  p  <  O.O.'S  were  con- 
sidered statistically  significant. 

Results 

A  total  ol  (i44  jiatienls  were  included:  41.''  palienis  in 
the  2-dav -change  group  anil  2.^1  patients  in  the  7-da\- 
change  group.  The  groups  did  nol  differ  m  terms  of  age  or 
total  duration  of  mechanical  ventilalion.  except  thai  ihe 
2-day-change  group  had  a  slightly  higher  proportion  ot 
female  patients  (.^S'/r  vs  30%,  p  =  0.04)  (Table  I). 


Tabic  I .      Patient  Characlerlslits 


Group 

2-Day* 

7-Day' 

P 

Number  of  l';iliciils 

41.1 

2.31 

Ajio  (yl 

52.1 

54.1 

0.22 

Diiralion  ot  MV  Icli 

II 

II 

0.50 

Cases  (il  pneumonia 

38 

8 

0.007 

Duration  of  MV  prior  lo 

14 

32 

0.40 

pneumonia  (ill 

(cvcr>' 

2  djys  or  cv 

;ry  7  days) 

'Ventilator  circuit  change  interval 
MV  =  mechanical  ventilation. 

In  the  2-day-change  group  there  were  2.277  ventilator 
days,  and  38  of  those  patients  developed  pneumonia,  re- 
sulting in  a  pneumonia  rate  of  16.7  cases  per  l.(K)0  ven- 
tilator days.  The  7-day-change  group  accumulated  972  ven- 
tilator days,  and  8  of  those  patients  contracted  pneumonia, 
for  a  pneumonia  rate  of  8.2  cases  per  I .()()()  ventilator  days. 
The  pneumonia  rate  was  significantK  lower  in  ihe  7-day- 
change  group  (p  =  0.007). 

When  patients  ventilated  for  <  2  days  were  excluded 
from  the  analysis,  similar  results  were  obtained:  the  pneu- 
monia rate  was  19.0  cases  per  1.000  ventilator  days  in  the 
2-day-change  group  (37  cases  of  pneumonia  and  1.946 
ventilator  days),  versus  10.2  cases  per  1.000  ventilator 
days  in  the  7-day-change  group  (7  cases  of  pneumonia  and 
784  ventilator  days).  That  difference  in  pneumonia  rate 
was.  again,  significant  (p  =  0.006). 

Table  1  lists  the  incidence  and  timing  of  onset  of  pneu- 
monia after  initiating  mechanical  \cntilation.  Ventilator- 
associated  pneumonia  occurred  at  a  median  of  14  days 
after  initiation  of  mechanical  ventilation  in  the  2-day- 
change  group,  and  32  days  after  initiation  of  mechanical 
ventilation  in  the  7-day-change  group.  The  ditlerence  was 
not  significant  (p  =  0.40). 

In  the  2-day-change  group.  1 16  patients  (28.2'/f )  and  in 
the  7-day-change  group  71  patients  (30.7*^)  died  during 
hospitalization.  The  difference  was  not  significant  (p  = 
0.49).  As  illustrated  in  Figure  I.  mortality  appeared  to  be 
higher  in  patients  with  pneumonia  (42.1%  in  the  2-day- 
change  group  versus  50.0%  in  the  7-day-change  group). 

To  determine  possible  effects  of  seasonal  variation  be- 
tween the  2  groups,  pneumonia  rates  were  calculated  for 
patients  ventilated  during  the  same  seasonal  time  frame 
(June  through  December  1998  for  the  2-day-change  group, 
and  Jinie  through  December  1999  lor  the  7-day-change 
group).  In  those  seasonal  sub-groups  there  were  24!  pa- 
tients in  the  2-day-change  group  and  229  patients  in  the 
7-day-change  group.  In  the  2-day-change  group  there  w  ere 
l.l.'^.'i  senlilator  days,  and  28  of  those  patients  developed 
pneumonia.  The  7-day-change  group  accumulated  S9.S  ven- 
tilator days,  and  8  of  those  patients  contracted  pneumonia. 
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Patients      with  VAP 


Patients    witti  VAP 


7  Days  2  Days 

Fig.  1 .  Mortality  of  patients  receiving  mechanical  ventilation  and  of 
patients  w/ith  ventilator-associated  pneumonia  (VAP)  with  circuit 
change  intervals  of  2  days  and  7  days.  Note  that  there  was  no 
difference  in  mortality  between  the  2-day-change  and  7-day- 
change  groups,  and  note  the  tendency  for  higher  mortality  in  pa- 
tients with  pneumonia. 


Similar  results  were  obtained:  a  pneumonia  rate  of  24.2 
cases  per  1,000  ventilator  days  in  the  2-day-change  group 
and  8.9  cases  per  1.000  ventilator  days  in  the  7-day-change 
group  (p  =  0.001).  The  mortality  rates  were  not  different 
(24.6%  in  the  2-day-change  group  and  3 1  .OVr  in  the  7-day- 
change  group,  p  =  0.12). 

Discussion 

Ventilator-associated  pneumonia  is  one  of  the  most  com- 
mon nosocomial  infections  and  is  associated  with  increased 
mortality  and  duration  and  cost  of  hospitalization.'^  '"^  Such 
consequences  justify  efforts  to  reduce  its  incidence.  Al- 
though ventilator  circuit  changes  have  been  performed  to 
reduce  the  risk  of  VAP.  the  value  of  increasing  ventilator 
circuit  change  frequency  has  been  questioned  in  system- 
atic evaluations  over  the  past  2  decades.  We  presumed  that 
if  the  results  of  previous  studies  that  dissociate  the  circuit 
change  frequency  and  VAP  rate  can  be  validated  in  our 
specific  setting,  the  morbidity  and  costs  associated  with 
the  care  of  ventilated  patients  could  be  substantially  re- 
duced. 

Over  the  past  \5  years.  ICUs  have  been  gradually  es- 
tablished in  our  hospital,  including  pulmonary  ICU.  cor- 
onary care  unit,  and  surgical  ICU.  However,  compared  to 
hospitals  in  the  West,  we  have  relatively  few  ICUs,  and 
nearly  half  of  the  ventilated  patients  receive  mechanical 
ventilation  outside  of  an  ICU.  in  critical  care  beds  through- 
out our  hospital  (44%  of  the  patients  in  the  present  study). 
Doctors  and  nurses  share  the  task  of  respiratory  care  for 
ventilated  patients. 


In  this  study  we  found  that  extending  the  ventilator 
circuit  change  interval  to  7  days  significantly  reduced  the 
incidence  of  pneumonia,  compared  with  a  2-day  circuit 
change  interval.  No  statistical  differences  in  mortality  were 
found  between  the  2  groups,  although  patients  with  pneu- 
monia tended  to  have  higher  mortality.  This  finding  ex- 
tends the  work  of  Craven  et  al,''  who  found  that  the  rate  of 
pneumonia  was  2..^  times  higher  in  patients  who  had  ven- 
tilator circuits  changed  every  24  hours  than  in  those  who 
had  their  circuits  changed  every  48  hours. 

Inadvertent  Hushing  of  contaminated  condensate  into 
the  patient's  airway  and  increased  manipulation  of  the 
patient's  airway  while  applying  manual  resuscitation  bag 
ventilation  during  the  ventilator  circuit  change  may  be 
important  contributors  to  infection.  As  the  manual  resus- 
citation bag  is  attached  to  the  airway  during  the  circuit 
change,  leakage  might  occur  around  the  cuff  allowing 
secretions  to  enter  the  airway. 

Our  results  are  consistent  with  other  recently  published 
studies'*'-"''^  finding  that  extending  the  circuit  change 
interval  from  2  days  to  7  days  reduced  the  rate  of  pneu- 
monia (Fig.  2). 

The  patients  with  VAP  in  the  present  study  were  iden- 
tified primarily  by  the  CDC  clinical  criteria."  Clinical 
criteria  to  establish  the  diagnosis  of  VAP  might  not  be  as 
accurate  as  those  based  on  lower  respiratory  tract  sam- 
pling.^ Because  of  its  invasive  nature,  the  lower  respira- 
tory tract  sampling  method  could  not  be  applied  to  the 
relatively  large  number  of  patients  in  the  present  study. 
However,  studies  using  a  strict  diagnosis  of  pneumonia 
(including  invasive  sampling  technique  and  quantitative 
cultures)'^^  have  yielded  similar  outcome  incidence  as  those 
using  usual  clinical  diagnostic  methods'*'-  to  explore  the 
circuit  change  frequency  question. 

With  a  traditional  ventilator  circuit,  the  rate  of  conden- 
sate formation  has  been  estimated  to  be  30  mL/h.'  result- 
ing from  the  temperature  drop  between  the  humidifier  and 
the  proximal  end  of  the  endotracheal  tube.  The  heated  wire 
circuits  used  in  this  study  maintained  the  temperature  of 
the  gas  en  route  from  the  humidifier  to  the  patient,  elim- 
inating the  formation  of  condensate.  Accordingly,  heated 
wire  circuits  reduce  the  risk  of  inadvertent  lavage  of  the 
patient's  airway  with  contaminated  condensate. 

A  higher  rate  of  VAP  was  found  in  the  present  study 
than  in  the  study  by  Fink  et  al.'-  who  reported  an  incidence 
of  6.3  cases  per  1 ,000  ventilator  days  over  a  30-day  circuit 
change  interval.  Our  results  are  consistent  with  those  of 
Dreyfuss  et  al.^  who  found  a  pneumonia  incidence  of  9. 14 
cases  per  1.000  ventilator  days  with  no  circuit  changes. 
The  reasons  for  the  differences  arc  unclear.  A  different 
proportion  of  surgical  versus  medical  patients,  or  ditler- 
ences  in  facility  flora,  infection  control  practices,  or  tube 
change  practices  might  account  for  the  different  pneumo- 
nia rates. 
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Fig.  2.  Comparison  of  the  present  study  to  previously  published  studies  on  the  incidence  of  ventilator-associated  pneumonia  (VAP)  vi/ith 
circuit  change  frequencies  of  2  days  and  7  days.  VAP  rates  are  per  1 ,000  ventilator  days.  (Adapted  from  Boher  et  al, ' '  Hess  et  al."  Alfredson 
et  al,"5  and  Fink  et  al.'=) 


There  is  a  known  seasonal  variation  in  the  iiieidence  of 
nosoconiiai  pneumonia.  Craven  et  al'  found  a  2-fokl  in- 
crease in  pneumonia  during  the  fall  and  winter  season.s. 
The  design  of  the  present  study  could  have  seleeted  the 
same  time  perioils  for  study  on  eonseeutive  years.  Yet, 
when  patients  ventilated  in  the  same  seasonal  lime  frame 
were  compared,  similar  results  were  obtained,  with  higher 
pneumonia  rates  in  the  2-day-ehange  group  than  the  7-day- 
change  grt)up. 

A  potential  limitation  of  the  present  study  was  the  se- 
quential design,  with  the  2-day-change  study  period  pre- 
ceding the  7-day-change  study  period,  which  might  not 
adequately  control  Un  systematic  changes  in  practice  over 
the  entire  study  period.  A  randomi/eil  design  would  have 
avoided  this  potential  problem  with  our  findings.  How- 
ever, we  do  not  believe  that  this  factor  was  sufficiently 
important  to  affect  our  findings,  since  there  were  no  changes 
in  other  relevant  factors  throughout  the  study  period.  From 
1998  to  2()()()  there  were  no  important  changes  in  mechan- 
ical ventilation  strategy,  the  use  of  antacids  or  H,  receptor 
inhibitors  for  gastrointestinal  hieetlmg.  or  iiilection  conirol 
policies  for  patients  receiving  meehameal  ventilalioii  iii 
our  hospital. 


Conclusions 

In  conclusion,  we  found  a  lower  incidence  of  VAP 
among  patients  receiving  circuit  changes  every  7  days  than 
in  those  receiving  circuit  changes  every  2  days.  Therefore, 
we  conclude  that  ventilator  circuits  can  be  safely  changed 
every  7  days  in  our  setting.  The  story  of  ventilator  circuit 
changes  thus  might  be  best  rendered  b\  the  traiiitional 
Chinese  concept  of  "Wu  Wei."  linguistically  translated  as 
"not  doing."  hut  in  this  case  more  specifically  as  "not 
overdoiim  oi  not  interferini:." 
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The  Fraction  of  Inspired  Oxygen  in  Infants  Receiving  Oxygen 
via  Nasal  Cannula  Often  Exceeds  Safe  Levels 


lohii  \\   Kiilii/  MI),  (iwcnii  \i  McLaughlin  Ml).  Barry  (iclinaii  Ml),  (i  Patricia  ranlucl 
.lames  Thomas  RR  1",  Thomas  Malu)ii  RRT,  and  Ciiarlcs  L  Sclilcicii  MU 


Mi). 


OR.IFCTIN  K:  Mtiisnri'  llu'  (nulidii  ol  inspirid  ovyjiin  (I,,,  )  in  infants  riiii\inji  siippUimnlal 
(>\>;;iii  >ia  nasal  cannula  and  i(ltntil\  iliniial  \arial)Us  lliat  alTiii  I,,, .  Ml  IIIODS:  llvpopiiarMi- 
geal  ga.s  samples  were  ohlaiiud  from  20  infants  receiving  owfjen  via  nasal  cannula  at  Hows  l)tt>uen 
0  and  4  l./niin.  I,,,  was  laknlaled  usin^  the  alMolar  ^as  i'<|uati(tn  and  nuasurinunts  of  partial 
pressure  of  owjjen  in  the  samples  and  the  harometrie  pressure.  KKSl MS:  l„,  increased  as 
oxv^en  flow  was  increased.  F,,,,  exceeded  safe  levels  (>  6(l'>  )  in  two  thirds  of  samples  v\hen  the 
ow^en  flov^  was  2  1,/min  or  higher,  lachypnea  (respiratory  rale  >  4()  hrealhs/min)  «as  associated 
with  lower  l„, .  CONCI.l  SION:  Infants  recei\in^  o\vj;en  via  nasal  cannula  at  >  2  l./min  ma\  he 
at  risk  for  hyperoxic  lun}^  injury.  Therefore,  we  recommend  usinj;  the  lowest  possihle  oxygen  How 
needed  to  maintain  normoxia  in  infants  requiring  prolonged  oxygen  therapy  via  nasal  cannula.  AVv 
wcrds:  nspiniidry  therapy,  luiii;  tnjiiix.  Jivc  nulicuLs.  o.\ygen  loxiiily.  hypennia.  i-c.\pirai(ir\  faihirc. 
pcJiiitrics.   [Respir  Care  2001;46(9):897-901| 


Introduction 

The  nasal  cannula  is  t'requcnily  used  to  deliver  oxygen 
lo  unintubaled  infants  and  children.  Its  advantages  over 
other  oxygen  delivery  systems  include  low  cost,  light 
weight.  Ilexihility.  patient  comfort,  and  the  ease  with  which 
it  is  secured  to  the  face  and  kept  in  position.'  ■*  Although 
.several  studies  have  documented  the  fraction  of  inspired 
oxygen  (F,,,)  at  various  oxygen  flows  from  nasal  cannulae 
in  adults.^  '"  little  is  known  about  the  efficiency  of  this 
oxygen  delivery  system  in  infants  and  children  or  about 
the  clinical  factors  that  might  affect  Fk,,.  The  purpose  of 
this  study  was  to  measure  F,,,  in  infants  receiving  oxygen 
via  nasal  cannula  at  Hows  of  up  to  4  L/niin  and  to  identity 
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clinical  variables  that  affect  I-,,,  .  Because  of  the  small 
tidal  volumes  and  low  inspiratory  flows  of  infants,  we 
hypothesized  that  the  F,,,  in  infants  receiving  oxsgen  \  ia 
nasal  cannula  is  higher  than  that  delivered  to  adults. 

Methods 

This  study  was  approved  by  the  Instittilional  Kcmou 
Board  of  the  University  of  Miami  School  of  Medicine. 
Intormed  consent  was  obtained  from  a  parent  or  legal 
guardian  prior  to  patient  enrollment.  Infants  receiving  ox- 
ygen via  nasal  cannula  in  the  pediatric  intensive  care  unit 
were  eligible  for  the  study.  A  total  of  20  patients  were 
studied. 

Hypopharyngeal  F|o,  was  measured  by  the  method  de- 
scribed by  Schachter  et  al,  with  the  follow  ing  modifica- 
tions.'" After  a  patient  was  enrolled  in  the  study,  the  na- 
sopharynx was  anesthetized  with  topical  lidt)caine  Ki.  To 
obtain  samples  of  hypopharyngeal  gas,  a  polyethylene  cath- 
eter (PE-190)  was  prepared  by  making  several  side  holes 
in  the  distal  I  cm  of  the  catheter,  to  facilitate  gas  sampling, 
and  then  inserted  into  the  nasopharynx,  advanced  approx- 
imately ."^  cm  tlisial  to  the  naris.  and  secured  with  tape.  The 
catheter  was  placed  on  the  same  side  as  the  nasogastric 
tube,  if  one  was  in  place,  to  prevent  contralateral  nasal 
airway  obstruction  by  the  catheter.  Infants  were  allowed  to 
stabilize  for  .^0  minutes  after  insertion  ol  iho  calheter, 
before  the  study  samples  were  taken. 


Ri:spiR.\T{)RY  C.vRi;  •  September  2001  Voi  46  No  9 


897 


Fraction  of  Inspired  Oxygen  in  Infants 


Table  1.       Physii)logic  Variables  ol  Inlanls  a[  ihe  I  inic  ol  llic  Suidy 


Mean  ±  SD 

Range 

Age  (mo) 

7.4    ±4.2 

2-17 

Weight  (kg) 

6.0    ±2.1 

3.0-10.0 

Weight  percentile  (%) 

ll.8±  18.3 

1-70 

Respiratory  rate  (brealhs/iniiii 

43.1  ±  12.2 

22-71 

Baseline  S^,,  (%) 

97.5    ±  .3.5 

88-l(KI 

Lowest  FiOt  tolerated  (%) 

27.5    ±  8.8 

la  pulse  oximetry. 

21^8 

Spo»  =  arterial  oxygen  sj(uration  ;i-s  measured 

F|o,  =  fraelion  of  inspia-d  oxygen. 

A  standard  oxygen  nowmeter  (Precision  Medical. 
Northampton,  Pennsylvania,  range  0-6  L/min)  was  con- 
nected to  a  50  psi  outlet  supplied  from  the  hospital  hulk 
liquid  oxygen  system.  A  disposahle  infant  nasal  cannula 
(No.  1601,  Salter  Lahs,  Arvin,  California)  was  used  to 
administer  oxygen.  Hypopharyngeal  gas  samples  were  ob- 
tained at  each  of  the  following  oxygen  flows:  0.  0.5,  1 .0, 
2.0,  3.0,  and  4.0  L/min.  beginning  at  the  lowest  flow  and 
progressing  upward.  Arterial  oxygen  saturation  was  mea- 
sured continuously  in  all  patients  by  pul.se  oximetry  (oxime- 
ter model  N-100.  Nellcor.  Pleasanton.  California).  If  arte- 
rial oxygen  saturation  fell  below  90'/r  or  by  >  10'7r  from 
baseline  in  infants  with  congenital  heart  disease,  the  oxy- 
gen flow  was  increased  to  the  next  highest  level.  Five 
minutes  after  the  oxygen  flow  was  changed.  30  mL  of 
hypopharyngeal  gas  was  withdrawn  over  2  minutes  into  a 
plastic  syringe  and  sealed  with  a  sti)pcock.  (We  had  pre- 
viously determined  that  there  was  no  loss  of  oxygen  from 
or  change  in  the  F,„.  in  gas  samples  over  4  h  using  this 
type  of  syringe.)  After  obtaining  gas  samples  at  each  flow, 
the  sampling  process  was  repeated.  When  duplicate  mea- 
surements of  the  F|o,  were  available,  the  average  of  the  2 
values  was  used  to  calculate  the  mean  F,,,  for  each  flow. 

The  partial  pressure  of  oxygen  and  partial  pressure  of 
carbon  dioxide  in  each  gas  sample  were  measured  using 
standard  electrodes  (ABL-330.  Radiometer.  Copenhagen. 

Table  2.      Major  Diagnoses  of  Infant.s  Studied 


Diagnosis 


Congenital  heart  disease 

Pneumonia 

AIDS 

Chronic  lung  disease 

Reactive  airways 

Hydrocephalus 

Hepatitis 

Dehydration 


Denmark).  I-,,,^  was  calculated  tising  the  following  equii 
tioii: 


t^02 


(Pb  -  47  mm  Hg) 


wherein  P,j,  is  the  partial  pressure  of  oxygen.  P,j  is  the 
barometric  pressure  (measured  by  the  blood  gas  analyzer), 
and  47  mm  Hg  is  the  vapor  pressure  of  water.  Samples 
containing  partial  pressure  of  carbon  dioxide  <  10  mm  Hg 
were  assumed  to  have  been  contaminated  by  room  air  and 
were  omitted  from  analysis.  Also  recorded  were  age. 
weight,  diagnoses,  respiratory  rate,  and  whether  the  mouth 
was  open  or  closed  during  gas  sampling. 

Mean  F,,,  values  at  each  oxygen  tlow  and  between 
those  with  respiratory  rate  >  or  <  40  breaths/min  were 
compared  using  analysis  of  variance  (ANOVA)  for  re- 
peated measures  and  Student's  I  test.  The  percentages  of 
patients  receiving  F,(j,  >  609^^  in  one  or  more  samples  for 
each  oxygen  tlow  were  compared  by  chi-square.  Data  are 
shown  as  mean  ±  SEM  (except  where  indicated),  with 
significance  taken  as  p  <  0.05. 

Results 

No  serious  complications  resulted  from  placement  of 
the  hvpopharyngeal  catheter.  Nasal  secretions  became 
blood-tinged  after  catheter  insertion  in  several  infants,  but 
this  resolved  shortly  after  removing  the  catheter.  Occa- 
sionally the  catheter  became  plugged  with  secretions  and 
had  to  be  replaced. 

Table  1  lists  patient  characteristics  and  physiologic  mea- 
surements. Two  patients  were  not  infants  (16  and  17  mo), 
but  since  their  weights  (10.0  and  8.7  kg)  were  within  nor- 
mal limits  for  a  12-m()nth-old.  they  were  included  in  the 


lOOl 


80- 


FiO,(%)     ^,„ 


AIDS  =  acquired  immunodcfieicncy  syndrome. 


Mean  RR  s  40 
MeanRR>40 

— I 
12-^4 

Oxygen  Flow   Rate  (L/mlnute) 

Fig.  1 .  Mean  i  SEM  values  for  fraction  of  inspired  oxygen  (F|o,)  in 
infants  with  respiratory  rates  of  ■  40  breaths/min  (solid  circles) 
and  -^  40  breaths/min  (open  circles).  RR  =  respiratory  rate  in 
breaths/min.  "  p  •    0.05  for  compansons  between  groups. 
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Fig.  2.  Scatter  plot  of  Individual  fraction  of  inspired  oxygen  (F|oJ  measurements  at  various  flows. 
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study.  The  mean  percentile  for  weight  was  k)w  (11. <S  ± 
4.0%),  suggesting  that  many  of  these  infants  had  chronic 
illnesses  that  impaired  their  grt)\vth.  Table  2  lists  the  iiiajor 
diagno.ses. 

F|Q^  increased  as  the  oxygen  flow  was  increased.  When 
infants  received  no  supplemental  oxygen,  F|q  was  19.8  ± 
0.4%.  At  oxygen  Hows  of  0.5,  1.0,  2.0,  3.0,  and  4.0  L/min. 
F,o,  was  35.4  ±  1.7,  45.0  ±  1.8,  57.3  ±  3.7,  69.8  ±  2.5. 
and"  72.7  ±  2.7%.  respectively  (Table  3).  F|o,  exceeded 
60%  in  63%  of  samples  from  the  infants  studied  when  the 
oxygen  flow  was  2.0  L/min  or  higher. 

Respiratory  rate  >  40  breaths/min  had  a  significant  ef- 
fect on  F,o,  at  oxygen  flows  of  >  1.0  L/min.  F„,  was 
lower  in  infants  with  respiratory  rates  of  >  40  breaths/min 
(Figs.  I  and  2).  In  contrast,  age,  weight,  or  whether  the 
mouth  was  open  or  closed  did  not  affect  F,,, . 

Discussion 

The  nasal  caniuila  has  been  used  to  deliver  oxygen  in 
unintubated  patients  for  over  30  years'  and  has  been  firmly 
established  as  a  safe  route  of  oxygen  administration  for 
infants  and  children.'  "  The  present  study  shows  that  in 
noM-neonalal  inlants  (a  group  not  jmcn  iously  studied)  ihc 
hypopharyngeal  h,,,  delivered  \ia  nasal  cannula  at  flows 
of  =i  2  L/min  commonly  exceeds  levels  known  to  be  as- 


sociated with  pulmonary  oxygen  toxicity.  This  finding  un- 
derscores the  need  to  measure  F,„  in  infants  receiving 
oxygen  at  high  flows  (>  2  L/mIn)  via  nasal  cannula  for 
prolonged  periods,  in  order  to  prevent  oxygen  toxicity. 

The  mean  hypopharyngeal  F,(,  in  adults  receiving  1(X)% 
oxygen  via  nasal  cannula  at  4  L/min  has  been  found  to  be 
32%.,  with  a  range  of  26-39%.''  The  decrease  in  F,,,  from 
the  tip  of  the  cannula  to  the  hypopharynx  is  due  to  the 
large  amount  of  air  entrained  from  the  environment  during 
inspiration."'-  The  F,(,  in  adults  increases  by  approxi- 
mately 2-6%/L/min  of  oxNgeii  delivered  via  nasal  cannu- 
la."**'"''  Even  at  flows  of  10  L/min.  F,,,  does  not  exceed 
60%  in  adults.''  Our  measurements  of  h\pophar\ngeal  F|„  , 
which  were  obtained  using  the  same  methods  as  in  the 
studies  of  adults,  support  the  hypothesis  that  F|o,  is  higher 
in  infants  receiving  oxygen  via  nasal  cannula  than  in  adults. 

.Several  clinical  factors  have  been  shown  to  affect  F,o^ 
with  various  oxygen  delivery  systems.*-'-"  "'  In  |iatients 
receiving  oxygen  via  nasal  cannula,  F,,,  varies  mverselv 
with  peak  inspiratory  flow  and  directly  with  fresh  gas 
flow."  Others  have  shown  the  same  correlation  with  in- 
spiratory ami  liesh  gas  flows  with  other  delivery  systems, 
such  as  air  enlrainment  masks.''' 

Previous  investigators  have  documented  high  F|o,  when 
su|i|ileiiienlal  oxygen  is  supplied  to  neonates  v  ia  nasal  can- 
nula. Fan  and  Voylcs  measured  oropharyngeal  F,(j  in  in- 
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fants  <  3.5  kg  at  oxygL-n  flows  of  ^^  0.5  L/miii,  liiulinii 
F|,,  to  he  \ariahlc,  rangini;  tVoiii  24'/;  to  37'7f,"*  Finer  ct  :il 
found  F|o.  to  be  variable  in  uifants  <  1,500  g.  rangini; 
froni  2 2 '7r  to  95'7f  on  various  flows  of  100%  oxygen.'" 
However,  among  the  infants  who  weighed  >  1,500  g,  the 
highest  achie\able  F,,,,  ranged  from  2'-)'i  to  477r,  in  an 
infant  weighing  4.100  g.  In  larger  intants  on  flows  be- 
tween 0.5  and  2  L/min,  F,,,  remained  low.  ranging  from 
28%  to  357f."*  Vain  et  al  measiireti  iiypopharyngeal  oxy- 
gen concentrations  \n  10  nilanls  with  a  mean  weight  of  2.4 
kg  and  also  found  imexpectedly  high  F,,,  values.'"  These 
data  were  modeled  mathematically  to  show  that  patient- 
independent  factors  such  as  oxygen  flow  and  concentra- 
tion, and  palient-dependenl  factors  such  as  inspiratory  time, 
minute  ventilation,  and  distribution  of  breathing,  are  im- 
portant in  determining  F|o,--" 

In  our  study,  respiratory  rate  played  a  critical  role  in 
determining  F,o,.  Substantially  more  patients  with  respi- 
ratory rates  <  40  breaths/min  received  potentially  toxic 
F,o  levels  than  patients  whose  respiratory  rate  >  40  breaths/ 
min.  This  is  consistent  with  the  previously  reported  find- 
ing that  F,o^  is  inversely  related  to  minute  ventilation."" 
Although  others  have  reported  that  nasal  versus  oral  breath- 
ing can  affect  F,„,,  we  found  no  differences  in  F,o,  when 
comparing  samples  taken  while  the  mouth  was  open  or 
closed. 

There  are  several  Hmilalions  to  this  study.  First,  the 
small  number  of  patients  did  not  allow  us  to  determine 
precisely  which  infants  were  most  likely  to  have  high  F,,, 
while  receiving  oxygen  via  nasal  cannula.  Higher  F^^  in 
infants  with  respiratory  rate  <  40  breaths/min  suggests 
that  infants  with  lower  minute  ventilation  are  at  greatest 
risk  of  high  oxygen  exposure.  Based  on  the  aforemen- 
tioned studies,  it  is  likely  that  the  smaller  the  infant,  the 
greater  the  F,,,  for  any  given  oxygen  flow. "'"'''  Second, 
the  nasopharyngeal  gas  samples  were  collected  slowly. 
over  2  minutes,  and  contained  a  mixture  of  both  inspira- 
tory and  expiratory  gas.  Therefore,  the  F,,,,  to  which  the 


Table  3.      Oxygen  Flow  Rates  and  Resultant  F,,,, 


Flow 
(L/min  I 


(%) 


Patients  C/r) 

with  F|(,,  > 

60%*" 


Samples  (%) 

with  F|,j,  > 

60%" 


11 

0 

19.8  ±  0.4 

0/11  (0) 

0/19(0) 

17 

0.5 

35.4  ±  1.7 

1/17(6) 

2/31  (6) 

20 

1.0 

45.0  ±  1 .8 

3/20(15) 

3/38  (8) 

20 

2.0 

57.3  ±  3.7 

11/20(55) 

18/35(51) 

17 

3.0 

69.8  i  2.5 

12/17(71) 

17/26(65) 

15 

4.0 

72.7  ±  2.7 

13/15(87) 

20/26  (77) 

Pio,  -  fraction  of  inspired  oxygen 

Values  arc  mean  ^  SEM 

•Ttie  numtjcr  of  palicnts  i/ij  who  tiad  inea-surcmenl.',  al  each  flow  rale  varied  because  of 

insufncicnl  sample  or  inability  to  lolcrale  tow  oxygen  How  rales. 


distal  airways  were  exposed  during  inspiration  may  ha\c 
been  much  higher  than  what  was  measured  in  the  naso- 
pharyngeal samples.  Substantial  positive  end-c\piratory 
pressure  can  be  dcliscicil  to  an  infant  using  a  nasal  can- 
nula, which  could  be  detrimental  in  the  presence  of  ob- 
structive lung  disease.''  Ho\se\cr,  because  higher  oxygen 
flows  were  administered  for  only  5  minutes  prior  to  sam- 
pling, we  do  not  think  that  inad\crtcnt  positive  end-expi- 
ratory pressure  affected  the  measurement  of  F^,  in  this 
study. 

Though  the  maximum  safe  F,,,^  is  not  Firmly  estab- 
lished, most  clinicians  agree  that  oxygen  toxicity  to  the 
lungs  occurs  when  a  patient  is  exposed  to  F,o,  >  60%  for 
a  prolonged  period."  -^  Recent  guidelines  by  the  Society 
of  Critical  Care  Medicine  recommend  that  the  lowest  pos- 
sible F,(,,  be  used  at  all  times  and  that  in  patients  with 
respiratory  failure  F,,,  should  not  exceed  50%.-'^  This  re- 
flects the  concern  that  exposure  to  even  low  concentra- 
tions of  oxygen  can  contribute  to  lung  injury  because  many 
of  the  endogenous  free  radical  defense  mechanisms  are 
impaired  in  the  setting  of  acute  lung  injury.-  -'  The  present 
study  shows  that  infants  receiving  oxygen  via  nasal  can- 
nula at  >  2  L/min  may  be  at  risk  for  hyperoxic  lung  injury. 

Conclusion 

In  conclusion,  we  found  that  in  non-neonatal  infants, 
toxic  levels  of  oxygen  can  be  delivered  via  nasal  cannula. 
We  therefore  recommend  using  the  lowest  possible  oxy- 
gen flow  or  blending  air  with  oxygen  in  order  not  to  ad- 
minister toxic  levels  of  oxygen  to  infants  receiving  pro- 
longed oxygen  therapy. 
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Utility  of  Measurements  of  Oxygen  Cost  of  Breathing 

in  Predicting  Success  or  Failure  in  Trials 

of  Reduced  Mechanical  Ventilatory  Support 

Masaliiro  Mitsiuika  MD,  Kalhcriiic  II  Kiiininger  RRT,  Kathcrinc  L  Jacobson, 
F  Wayne  Johnson  RRT,  and  David  M  Burns  MD 

OBJECTIVE:  Test  whether  a  change  in  oxygen  consumption  produced  h>  a  reduction  in  level  of 
mechanical  ventilatory  support  predicts  failure  to  tolerate  the  reduction  in  level  of  support.  DE- 
SIGN: Prospective  study  of  the  sensitivity  and  specificity  of  increased  oxygen  cost  of  l)reathing  as 
a  predictor  of  failure  to  tolerate  a  reduction  in  ventilatory  support  in  patients  undergoing  weaning, 
using  a  protocol  that  incrementally  reduces  the  level  of  mechanical  ventilatory  support.  SETTING: 
University  medical  center.  METHODS:  We  studied  228  trials  in  M)  patients  who  had  required 
mechanical  ventilatory  support  for  at  least  72  hours  and  who  were  heing  weaned  using  a  standard- 
ized protocol  that  provided  for  three  30-minute  trials  of  reduced  mechanical  ventilatory  support  per 
day,  followed  by  ventilatory  muscle  rest.  Using  a  metabitlic  monitor,  we  monitored  oxygen  con- 
sumption (Vo,)  prior  to  and  during  228  incremental  reductions  in  level  of  mechanical  ventilatory 
support  conducted  as  part  of  a  standardized  weaning  protocol.  Oxygen  cost  of  breathing  was 
defined  as  the  difTerence  in  V,,,  (AV„  )  during  the  trial  of  reduced  mechanical  ventilatory  support, 
compared  to  a  30-niinute  resting  period  immediately  before  the  trial.  A  successful  trial  was  de- 
fined as  one  that  could  be  continued  for  3(»  minutes  without  de\elopment  of  clinical  signs  of 
ventilatory  failure.  Changes  in  V,,,  and  the  ratio  of  respiratory  frequency  to  tidal  volume  (fA^) 
during  a  weaning  trial  were  evaluated  as  predictors  for  failure  of  a  30-minute  trial  (»f  reduced 
ventilatory  support.  RESULTS:  A  15%  increase  in  oxygen  cost  of  breathing  predicted  failure  in  the 
trial,  with  a  sensitivity  of  96.6%,  specificity  of  85.7%,  positive  predictive  value  of  98.5%,  and 
negative  predictive  value  of  72.0%.  Neither  change  in  V,,,  measured  early  in  the  trial  nor  fAV 
proved  to  be  as  successful  in  predicting  failure  to  tolerate  an  incremental  reduction  in  ventilatory 
support.  CONCLUSION:  Change  in  V,,,  following  an  incremental  reduction  in  level  of  mechani- 
cal ventilatory  support  may  be  a  useful  predictor  for  determining  which  patients  will  rapidly  fail  to 
tolerate  that  level  of  reduction.  Key  words:  oxygen  cost  of  breuihiiii;.  o\ygen  consiiiiipiioii.  weaning, 
mechanical  venlilalion.  venlilalory  failure,  structured  ventilatory  protocol,  clinical  measures.  [Respir 
Care  2001 :46(y):902-9101 


Introduction 

Weaning  is  described  as  a  process  of  gradually  reducing 
mechanical  ventilatory  support  as  a  patient's  own  respira- 
tory system  recovers  from  disease.'  The  majority  of  pa- 
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tienls  requiring  mechanical  ventilation  can  be  weaned  with- 
out difficulty  once  the  disease  process  necessitating 
ventilator},  support  resohes.  However,  a  fraction  of  pa- 
tients do  not  tolerate  rapid  withdrawal  of  \ enlilator_\  sup- 
port, and  these  patients  utilize  a  disproportionate  share  of 
intensi\e  care  resources. 

There  are  conllicting  data  m  the  literatuie- '  as  to  whether 
patients  are  more  rapidly  weaned  using  trials  of  spontane- 
ous breathini:  or  h\  incremental  reductions  in  either  pres- 
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sure  suppoii  \i.'iiiil,iiiiMi  or  Icsi.'!  nl  s\  ik  liidiii/cd  iiik-iniii 
tent  maiul;iu>i\  Ncniilaliuii  (.SIM\  i.  A  laiszc  c\aliKilu)ii  nl 
vscaninj;  lccliiiii.|iics  iiscJ  in  the  Lliiileil  Slates  and  Canada 
indieated  that  5'r  of  physieians  preferred  to  use  reductions 
in  SIMV  as  a  primary  method  of  weaning,  41'^  preferred 
pressure  support  \entilation,  32'^  prefeiTed  SIMV  with 
pressure  su|ipori  \eiiiilatiun.  '■y/r  preferred  inieiiiiiik-ni 
spontaneous  hrealhini;  trials,  and  I'i  preferreti  dail\  spim- 
taneous  breathing  trials,'  Almost  all  ol  these  approaches 
involve  either  incremental  reductions  in  the  level  of  ven- 
tilatory support  or  transient  complete  withdrawal  of  \en- 
tilalory  support. 

While  theie  is  still  a  lack  of  consensus  on  the  most 
effective  weaning  modalities,  protocol-based  weaning  has 
been  demonstrated  to  be  superior  to  indi\idiiali/ed  ap- 
proaches.'^ "  At  least  2  randomized  controlled  trials  have 
demonstrated  the  superiority  of  a  nurse-directed  or  respi- 
rator) therapist-directed  protocol,  compared  to  the  usual 
care  of  physician-directed  weaning."**  These  protocols  in- 
volve repetitive  increinental  reductions  in  the  level  of  ven- 
tilatory support,  transient  complete  withdrawal  ol  ventila- 
tory support,  or  a  sequential  application  of  both  approaches. 
Termination  of  the  weaning  trials  in  these  protocols  were 
based  on  clinical  and  phvsiologic  evidence  of  ventilatory 
failure,  including  increasing  respiratory  and  cardiac  rates 
and  falling  oxygen  saturation.  The  time  required  to  progress 
through  these  standardized  weaning  protocols  is  likely  to 
be  reduced  if  better  measures  are  available  to  evaluate 
whether  patients  will  be  able  to  tolerate  specific  levels  of 
reduction  in  ventilatory  support,  allowing  more  rapid  pro- 
gression to  full  spontaneous  breathing. 

Measures  do  exist  to  predict  which  patients  will  tolerate 
complete  withdrawal  of  mechanical  ventilatory  support  and 
extubation.'"  '-  Yang  and  Tobin'"  described  a  ratio  of 
respiratory  frequency  to  tidal  volume  (f/V,)  of  lO.'i  as  a 
valid  predictor,  but  the  value  for  the  f/Vj  ratio  felt  to  be 
the  most  reliable  cutoff  remains  controversial."  An  oxy- 
gen cost  of  breathing,  calculated  as  the  difference  between 
the  oxygen  consumption  |V,,  )  calculated  during  sponta- 
neous breathing  and  that  calculated  on  total  mechanical 
ventilatory  support  of  <  15%  of  the  resting  V(,  also  pre- 
dicts successful  withdrawal  of  ventilatory  support.'^  "*  We 
postulate  that  these  measures,  which  are  useful  in  predict- 
ing successful  extubation.  might  also  he  useful  in  predict- 
ing whether  patients  WDuld  tolerate  incremental  reductions 
in  level  of  ventilatory  support. 

Clinical  measures,  including  changes  in  spontaneous  V , 
and  respiratory  rate,  as  well  as  development  of  hvpoxia  or 
agitation,  are  commonly  used  to  assess  whether  a  patient  is 
tolerating  a  reduction  in  level  of  ventilatory  support,  but 
scant  data  exist  to  predict  the  magnitude  of  reduction  in 
support  a  patient  will  tolerate  or  how  rapidly  subsequent 
reductions  in  support  can  progress.  Measures  that  assess 
the  extent  to  which  and  rapidity  with  which  ventilatory 


siippciii  can  he  successliillv  reduced  are  likely  to  improve 
ihc  design,  evaluation,  and  cost-effectiveness  of  structured 
ajiproaches  to  weaning  patients  who  present  diflicult  wean- 
ing problems. 

At  the  University  of  California  San  Diego  Medical  Cen- 
ter (I'CSDMC).  patients  who  tail  to  wean  from  mechan- 
ical venlilalion  with  an  inili.il  .iiicin|ii  ,ii  progressive  re- 
diiclion  in  venlilalorv  support  are  placed  in  a  structured 
vciitilatorv  weaning  protocol  that  uses  incremental  reduc- 
tions in  the  level  ol  mechanical  ventilatory  support,  inter- 
spersed with  periods  of  respiratory  muscle  rest  produced 
b\  full  mechanical  ventilatory  support.  The  protocol  de- 
fines specific  criteria  for  success  or  failure  based  on  overt 
clinical  signs  and  physiologic  measures  of  ventilatory  fail- 
ure. The  use  of  this  protocol  provides  an  opportunity  to 
examine  a  group  of  patients  who  have  failed  initial  wean- 
ing attempts.  Measurements  of  V,,  can  be  made  as  they 
are  placed  on  partial  ventilatory  support  for  short  trials.  By 
using  the  care  delivery  team's  decisicins  on  the  success  or 
failure  of  these  trials,  we  can  prospectively  evaluate  the 
utility  of  the  change  in  oxygen  consumption  lAV,,  )  and 
the  iTV^  ratio  for  predicting  failure  to  tolerate  each  incre- 
mental reduction  in  support. 


Metht»ds 


Study  Design 


This  was  a  prospectiv e  study  of  predictors  of  success  or 
failure  in  3t)-minutc  trials  of  incremental  reduction  in  level 
of  ventilatorv  support  among  patients  who  had  required 
mechanical  venlilatitrv  support  for  at  least  72  hours,  wht) 
had  failed  at  least  one  weaning  attempt  using  progressive 
reduction  ot  ventilatory  support,  and  who  were  currently 
being  weaned  from  mechanical  ventilation  using  a  stan- 
dardized protocol.  Vq,  was  measured  prior  to  and  during 
trials  of  reduced  mechanical  ventilators  support.  AV,,  and 
f/V,  measured  at  the  end  of  a  trial  were  evaluated  for  their 
ability  to  predict  success  or  failure  in  the  trial.  Success  or 
failure  in  tolerating  a  reduction  in  level  of  mechanical 
ventilatory  support  without  developing  clinical  signs  of 
respiratory  failure  was  used  as  the  outcome  measure  for  eval- 
uating the  sensitivity  and  specil'icitv  of  these  measures. 

Subject  Selection 

Our  stuilv  examined  subjects  admitted  to  the  medical. 
surgical,  and  burn  intensive  care  units  at  L'CSDMC  who 
required  mechanical  ventilatorv  support  for  at  least  72 
hours  and  who  had  failed  to  successfully  wean  from  me- 
chanical ventilation  on  a  contimunis  positive  airwav  pres- 
sure trial  or  with  rapid  sequential  reductions  in  the  inler- 
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Tahlc  I.       ClLinictcnslKs  ol  the  30  PatK-nl  l'arlici|i;mts 


Palients  (;i)  (M:F) 

Trials  (h) 

Mean  age  (y)  (range) 

Mean  LOS  (d)  (range) 

Mean  Vo,  at  rest  (mL/min)  (SD) 


MICU  =  medical  inlcnsivc  care  unit, 
SICU  =  surgical  intensive  care  unit. 
BlCU  =  bum  intensive  care  unit. 
LOS  =  length  of  slay  in  hospital 


MICU 


14(3:11) 

102 

59.0  (27-86) 

43.2(21-84) 

283.1  (51.3) 


SICU 


13(8:5) 

no 

44.9(18-79) 
50.5(18-78) 
333.8(56.2) 


BICU 


3 (3:0) 

16 

42.0  (30-53) 

44.3  (30-70) 

522.0  (.53.4) 


Total 


30(16:14) 

228 

51.2(18-86) 

46.6(18-84) 

328.6 


miltciil  mcL'haiiual  \cn(ilalion  (IMV)  rale.  Most  of  the 
patients  required  mechanical  \ciitilatioii  because  of  acute 
lung  injurs  rather  than  chronic  respiratory  failure.  The 
a\erage  length  ol  mechanical  \entilalioii  was  over  40  days. 
indicating  that  this  was  a  severely  compromised  group  ol 
patients.  Onis  trials  of  reduced  support  delivered  as  part  of 
a  structured  weaning  protocol  were  considered.  Table  1 
lists  patient  diagnoses  and  other  characteristics. 

At  the  time  of  the  trial  of  reduced  support,  patients  were 
required  to  be  age  18  years  or  older  and  in  stable  hemo- 
dynamic condition.  The  study  protocol  excluded  pregnant 
w  omen  and  patients  w  ith  thoracostomy  tubes.  Patients  who 
were  capable  of  understanding  gave  informed  consent.  For 
patients  unable  to  give  consent,  consent  was  obtained  from 
a  legal  representative. 

Data  Collection  and  Analysis 

A  ventilator  (NPB  7200ae.  Nellcor  Puritan  Bennett. 
Pleasanton,  California)  and  a  metabolic  monitor  (7250, 
Nellcor  Puritan  Bennett.  Pleasanton.  California)  were  used 
with  all  patients.  The  metabolic  monitor  measured  Vq  , 
carbon  dioxide  production  ( V(.f,  ).  energy  expenditure,  and 
respiratory  quotient  noninvasively  and  continuously,  gen- 
erating an  updated  measurement  every  20  seconds.  The 
NPB  7250  monitor  is  mounted  on  top  of  the  NPB  7200ae 
ventilator  and  is  integrated  with  the  ventilator  both  pneu- 
maticalls  and  electronically.  Communication  with  the  ven- 
tilator occurs  through  a  digital  interface.  The  technical 
specifications,  operation  procedures,  and  validation  of  this 
system  have  been  previously  described.'''  and  the  preci- 
sion of  measurement  of  the  device  for  Vo,  is  within  7%. 

Resting  pre-trial  oxygen  consumption  was  measured  con- 
tinuoush  and  \ alues  were  updated  every  20  seconds  for  a 
30-minute  period  of  stable  mechanical  ventilation  with  no 
sp(Mitaneous  ventilatory  activity  pre-trial.  Oxygen  con- 
sumption during  the  trials  of  reduced  support  was  also 
measured  continuously.  Within  each  trial,  the  mean  values 
for  the  continuous  measurements  were  calculated  for  spe- 
cific time  intervals. 


The  definilion  of  oxygen  cost  of  breathing  or  AV,,  used 
in  this  study  is  the  difference  in  mean  value  of  the  oxygen 
consumption  measurements  made  during  the  30-minute 
trial  of  reduced  \entilatory  support  minus  the  mean  value 
of  the  continuous  oxygen  consumption  measurements  made 
during  a  30-minute  baseline  pre-trial  period  of  full  venti- 
latory support  without  spontaneous  ventilatory  activity. 
The  Vq  measurements  were  collected  as  shown  in  Figure 
1  and  are  expressed  as  a  percentage  of  the  baseline  Vq 
value.  The  baseline  V„^  is  calculated  as  the  mean  of  the 
measurements  made  for  30  minutes  of  stable  ventilation 
with  no  spontaneous  ventilatory  activity  pre-trial  (A  in 
Fig.  1).  Following  the  baseline  collection,  the  patient's 
continuous  mandatory  ventilation  (CMV)  rate  was  reduced 
until  a  stable  rate  of  spontaneously  initiated  CMV  breaths 
was  observed.  The  mode  of  mechanical  ventilation  was 
then  switched  to  SIMV  at  a  reduced  rate  specified  by  the 
weaning  protocol,  and  a  trial  of  reduced  ventilatory  sup- 
port was  initiated.  Measurements  made  during  the  first  5 
minutes  after  changing  the  mode  of  mechanical  ventilation 
to  IMV  were  discarded  in  order  to  reduce  the  distortion  of 
the  Vq,  measurements  produced  by  the  patient's  adjust- 
ment to  the  change  in  level  of  ventilatory  support.  Data 
collection  for  V,,  during  the  trial  began  after  this  5-minute 
adjustment  period  (B  in  Fig.  I). 

We  also  examined  the  value  of  AVp,  measurements 
made  for  shorter  periods  at  the  beginnings  and  ends  of  the 
weaning  trials.  The  Vq  for  the  first  5  minutes  of  data 
collection  in  the  trial  (5-10  minutes  after  the  patient  is 
switched  to  IMV)  minus  the  baseline  V,,  (C  in  Fig.  1 )  v\as 
recorded  in  order  to  evaluate  the  utility  of  measurements 
made  shortly  after  the  initiation  of  a  weaning  trial  for 
predicting  the  success  or  failure  of  the  trial. 

In  order  to  evaluate  changes  in  V(,,  with  onset  of  ven- 
tilatory failure,  we  calculated  the  V,,  for  the  last  5  minutes 
of  the  trial  (D  in  Fig.  I )  compared  to  the  baseline  V,, .  This 
measure  was  intended  li>  separate  the  increment  in  Vo, 
produced  by  the  onset  of  \entilatory  failure  at  the  end  of 
the  trial  from  that  resulting  from  the  reduction  in  the  le\el 
of  mechanical  ventilatory  support. 
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Fig.  1.  Timing  of  measurements  of  oxygen  consumption  (Vq)  prior  to  and  during  a  trial  of  reduced  mechanical  ventilatory  support. 
A:  Baseline  Vq,  measurements.  B:  Onset  of  data  collection  following  5-minute  adjustment  period.  C:  Measurement  interval  of  AVq,  first  5 
minutes  versus  pre-trial:  difference  between  baseline  Vq,  and  Vq,  measured  during  the  period  5-10  minutes  from  the  start  of  the  trial. 
D:  Measurement  interval  of  AVq,  last  5  minutes  versus  pre-trial:  difference  between  baseline  Vq^  and  Vq^,  during  the  last  5  minutes  of  the 
trial.  CMV      continuous  mandatory  ventilation.  IMV  =  intermittent  mandatory  ventilation. 


Also  e\aliiatcd  was  f/Vj.  calculated  as  the  average  of 
nieasurenient  of  V ,  and  respiiatoiy  rate  during  the  last  3 
minutes  ol'  the  trial. 

Weaning  Protocol 

The  standardized  clinical  ventilatory  weaning  protocol 
used  at  UCSDMC  is  intended  to  provide  three  3()-niinule 
trials  per  day  of  spontaneous  ventilatory  effort  at  a  level 
likely  to  induce  ventilatory  muscle  fatigue  and  produce 
clinical  evidence  of  ventilatory  failure.  Between  these  pe- 
riods, the  patients  are  ventilated  at  a  CMV  rate  high  enough 
to  suppress  spontaneous  ventilatory  efforts  and  rest  the 
ventilatory  muscles.  In  order  to  iilentify  the  mavinuini 
reduction  in  IMV  rale  that  llie  |iaticMt  will  tolerate,  ihe 
protocol  begins  with  a  2-hour  period  ot  respiratory  muscle 
rest,  during  which  the  patient  is  ventilated  in  the  assist/ 
control  mode  at  a  rate  sufficient  to  suppress  the  spontane- 
ous respiratory  rate.  Following  this  period  of  rest,  the  re- 
spiratory rate  of  the  mechanical  \enlilator  in  Ihe  CMV 
mode  is  decreased  until  the  patient  reestablishes  a  stable 


rate  of  spontaneously  triggering  mechanical  ventilator-de- 
livered breaths.  The  patient  is  allowed  to  reestablish  a 
stable  spontaneous  \enlilatory  rale  in  the  CMV  mode  for 
at  least  10  minutes  prior  to  initiation  of  each  trial.  Once  the 
respiratory  rale  in  the  CMV  moile  is  stable,  the  \enlilator 
mode  is  switched  to  .SIMV  and  the  set  mechanical  venti- 
lator rate  is  reduced  to  80'+  of  the  rale  at  which  the  me- 
chanical ventilator  assisted  each  breath.  If  the  patient  suc- 
cessfully tolerates  (hat  level  ot  reduction  in  SIMV  rale  tor 
30  minutes  w ithoul  clinical  signs  of  venlilalorv  failure,  the 
rate  is  decreased  by  2  breaihs/min  with  each  subsequent 
trial  until  the  patient  sliows  clinical  signs  of  ventilatory 
failure  within  the  .M)-miiuile  Irial.  That  level  of  .S1M\'  is 
selectetl  lor  subset|uent  trials  iinlil  the  patient  i><  alile  to 
tolerate  the  level  ol  reduction  tor  .^l)  iiiiniiles  wiilnuil  clin- 
ical signs  of  ventilatory  failure,  ai  which  lime  the  SIMV 
set  rate  is  again  lowered  by  2  breaihs/min.  Ihis  process 
continues  until  the  patient  is  able  to  tolerate  30  minutes  at 
a  set  rate  of  zero. 

The  clinical  signs  used  to  deline  venlilalorv  lailure  are 
an  increase  in  respiratory  rate  to  >  30  breaths/min  or  an 


Rl  SPIRVTORY  C,\RL  •  SF.PTF.MBt-.R  2001    Vo!    46  No  9 


905 


Uriiii'i  OH  Measurements  of  Oxygen  Cost  of  Breathing 


increase  in  heart  rate  of  >  10  beats/niin.  or  development  of 
hypoxemia,  hypotension,  or  agitation.  Once  evidence  of 
ventilatory  failure  is  judged  to  be  present,  the  trial  is  ter- 
minated and  the  patient  placed  back  on  lull  ventilatory 
support.  Three  trials  are  performed  per  day.  with  the  pa- 
tient rested  on  the  ventilator  between  trials,  using  an  IMV 
or  CMV  respiratory  rale  setting  high  enough  to  eliminate 
spontaneous  ventilatory  elfoils. 

Once  the  patient  is  able  to  tolerate  .^0  minutes  on  an 
.SIMV  of  /ero.  the  duration  of  the  trials  is  extended,  using 
the  same  criteria  for  termination  of  the  trial,  luitil  the  pa- 
tient is  able  to  ventilate  for  24  hours  without  mechanical 
ventilatory  support. 

All  decisions  to  enter  patients  into  the  protocol,  progress 
in  reduction  of  IMV  rate,  or  terminate  a  trial  as  a  failure 
were  made  by  the  care  deli\ery  staff,  without  access  to  the 
measurements  made  for  purposes  of  this  study.  The  inves- 
tigators measured  Vq^  and  recorded  ventilatory  parame- 
ters, but  did  not  participate  in  care  delivery  or  weaning 
decisions,  and  the)  did  not  make  the  decision  as  to  whether 
the  trial  w  as  judged  a  success  or  a  failure. 

Definition  of  Ventilatory  failure  and  Determination 
of  Success  or  Failure  of  a  Trial 

If.  in  the  judgment  of  the  care  delivery  team,  the  criteria 
for  trial  failure  under  the  protocol  were  met.  the  trial  was 
terminated  prior  to  the  end  of  the  30-minute  period.  When 
a  trial  could  be  continued  30  minutes  without  development 
of  clinical  ventilatory  failure  by  protocol  criteria,  the  trial 
was  regarded  as  a  success.  When  the  trial  was  terminated 
at  <  30  minutes  under  the  protocol  criteria,  the  trial  was 
regarded  as  a  failure.  All  decisions  to  terminate  a  trial  were 
made  independently  by  the  care  delivery  team,  without 
input  from  the  study  investigators. 

Statistical  Analysis 

The  analytic  question  being  asked  herein  is  the  sensi- 
tivity and  specificity  of  measures  predicting  failure  to  tol- 
erate a  trial  of  incremental  reduction  in  the  level  of  me- 
chanical \entilalor\  support,  and  not  v\liether  indi\idual 
patients  \sill  succcsslully  wean  IVom  mechanical  ventila- 
tion. The  structured  weaning  protocol  provides  for  the 
possibility  of  trial  failine  without  regard  to  the  success  or 
lailure  of  the  previous  trial.  Ht)wever,  successful  weaning 
is  often  heavily  intluenced  bv  iiulivitlual  patient  charac- 
teristics, and  this  influence  may  make  the  trials  for  any 
given  patient  nu)re  likely  to  have  a  similar  result.  This 
concern  raises  the  question  of  vv  hether  the  228  trials  can  be 
analyzed  as  independent  trials  or  v^  hether.  instead,  the  data 
should  be  analyzed  as  a  repeated  measures  experiment  on 
30  subjects. 


In  order  to  respond  to  this  issue,  the  independence  of  the 
success/fail  me  ol  the  separate  trials  for  a  given  subject 
was  testeil.  If  the  success/failure  of  the  various  trials  is 
independent  of  subject,  then  the  tuunber  of  failiues  for  a 
given  number  of  trials  tollows  a  binomial  distribution.  The 
number  of  trials  for  an  individual  is  assumed  to  be  a  ran- 
dom variable  with  a  common  probability  of  failure  for 
each  trial,  as  calculated  from  the  data  p  =  21  failed  trails/ 
228  total  trials  =  0.0921.  The  observed  distribution  of 
numbers  of  failed  trials  for  each  subject  was  then  tested 
against  the  expected  number  of  failures  given  the  number 
of  trials  for  that  individual,  with  expected  values  and  vari- 
ance eslimateil  from  the  binomial  distribution.  The  sum  of 
the  normalized  squared-deviations  results  in  a  chi-square 
of  25.05  on  29  degrees  of  freedom,  p  =  0.675.  Thus,  there 
is  no  evidence  that  the  number  of  failures  does  not  follow 
an  independent  binomial  distribution.  The  likelihood  of 
failure  on  a  given  trial  is  independent  of  the  number  of 
trials  for  the  subject,  w  ith  no  statistical  tendency  for  greater 
or  lesser  numbers  ot  failures  for  particular  subjects  than 
that  expected  from  an  independent  binomial  distribution, 
nor  is  there  any  relationship  of  success/failure  associated 
with  the  number  of  trials  for  an  indiv  idual  subject. 

Further,  there  is  no  evidence  of  time  trends  in  AVq,  with 
successive  trials,  either  across  subjects  or  within  subjects. 
Testing  for  a  time  trend  within  subjects,  we  find  no  general 
trend  for  increasing  or  decreasing  AVq  values  with  suc- 
cessive trials.  Within-subject  slopes  regressed  on  trial  se- 
quence range  from  -3.82  to  12.50.  mean  =  0.2157  (SD  = 
3.0776).  for  subjects  with  3  or  inore  trials,  the  mean  not 
significantly  differing  from  0.0.  Across  subjects,  the  co- 
efficient of  trend  has  a  slope  of  0.01228  (SE  =  0.13792). 
also  not  significantly  different  from  0.0. 

The  evidence  indicating  that  failure  is  independent  of 
number  of  trials  for  a  subject  and  the  lack  of  a  time  trend 
with  successive  trials  supports  treating  the  observations  as 
independent  in  bootstrapping  and  regression  modeling. 
Confidence  intervals  were  then  generated  from  bootstrap 
resampling.  The  288  data  points  were  treated  as  indepen- 
dent data  points  and  subjected  to  1.000  repeated  resam- 
pling trials  with  replacement,  using  the  bootstrap  function 
in  the  S-PLUS  2000  program  (Insightful  Corporation,  Se- 
attle, Washington).  Both  the  sensitiv  ity  and  specificity  were 
tabulated  for  each  of  the  1,000  resamples  for  a  range  of 
test  cut-points  from  10  through  20.  The  observed  range  of 
values  from  the  collection  of  resamples  provides  empirical 
estimates  of  950f  confidence  intervals.  The  bias-corrected 
values  are  those  that  are  reported. 

We  also  used  an  alternative  method  of  deriving  a  level 
of  confidence  for  the  results,  which  was  to  model  the  data 
and  assess  the  goodness  of  fit  of  the  model.  The  empirical 
sensitivity  and  1  -specificity  values  were  calculated  for  each 
observed  '/f  AV(,  value,  providing  288  data  points  with  an 
associated  data  pair.  These  points  were  fit  with  a  logistic 
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regression  lo  generate  the  AV,,  le\els  thai  corresponil  to 
speeilied  lc\els  of  sensitivity,  and  the  eonlidciKc  intervals 
for  the  specificity  at  those  levels  of  AV„  were  estimated. 
Standard  formulas  were  used  to  calculate  the  sensitivity, 
specificity,  positive  predicti\c  \aluc,  and  negative  predic- 
ti\c  \alue  of  each  index,-"  as  toliows: 


Sensitivity  =  - 


True  positives 


True  positives  +  False  negatives 

Tme  nci^aiiNcs 

Specificity  =  = ;: —      "  ,,  ,  .-. 

True  negatives  +  raise  positives 


III 


(2) 


IMv  V       Change  in  Oxygen  t'onsumplidn  niinng  ii  Rcduclion  in 
Mcc'hunicul  Venlilatory  Support  Required  lo  Achieve 
Specified  Levels  of  Sensilivily  in  Prcdicling  Failure  lo 
Tolerate  the  Reduced  Support 


SensitiN  ii\ 
0.8 

o.y 

O.q.'i 
0.975 


Specificily  (95%  CI) 


0.885  (0.864-0.906) 
0.852  (0.823-0.884) 
0.822  (0.785-0.859) 
0.792  (0.748-0.837) 


AVo;  =  change  in  oxygen  con!>unipiion. 


AVOj  Cut 
Point 


7.80% 
10.70% 
13.60% 
15.50% 


Posiinc  predictive  value 


True  positives 


True  positives  +  False  positives 


(3) 


Negative  prcdicli\c  \aluc 


True  negatives 


True  negatives  +  False  negatives 


(4) 


Results 

We  recorded  228  trials  from  30  patients  in  this  study 
(see  Table  1).  There  were  16  men  and  14  women.  14 
medical  patients.  1.^  surgical  patients,  and  3  burn  injury 
patients.  The  mean  age  was  51.2.  with  a  range  of  18  to  86. 
Mean  length  of  stay  in  the  hospital  was  46.6  days  (range 
18  to  84  d).  Though  all  patients  were  on  mechanical  ven- 
tilation for  at  least  72  hours,  the  etiology  of  the  require- 
ment for  continued  ventilatory  support  was  predominantly 
acute  (not  chronic)  respiratory  failure.  Twenty-five  of  the 
.^0  patients  were  ultimateh  weaned  from  \enlilatory  sup- 
port, with  two  requiring  long-term  tracheotomy  at  time  of 
discharge.  Four  patients  had  died  and  one  v\as  siill  on 
mechanical  \entilation  at  the  end  of  the  study.  Ihe  mean 
for  the  baseline  V(,  measurements  at  the  start  of  each  trial 


Table  2.       Change  in  Oxygen  Consumplion  as  a  Prcdiclor  ol  Success 
or  Failure  in  Tolerating  a  30-Minulc  Trial  ol  Reduced 
Vcnlilatory  Support 


AVo,      Success     Failure     Sensitivity     Specificity      PPV 


NPV 


<  15%        200 
>  15%  7 


3 
18 


96.5% 


85.7% 


98.5%     72.0% 


AVo;  =  difTercncc  between  prc-tnal  ba.sclinc  oxygen  consumption  and  oxygen  consumption 
(luring  the  30-minulc  weaning  trial- 
PPV  ^  positive  predictive  value. 
NPV  '  negative  predictive  value. 


of  reduced  support  was  suhsianiially  higher  for  burn  injurs 
patients  than  for  medical  and  surgical  patients. 

There  were  207  successful  trials  and  21  failed  trials  of 
reduced  ventilatory  support.  The  average  AVq  during  the 
trial  was  1.7'/r  in  successful  trials  and  20.4"^  in  failed 
trials.  Two  hundred  of  the  207  successful  trials  had  AVq^ 
<  15'/r.  and  18  of  21  failed  trials  had  AVo,  >  15%.  For  a 
level  of  AV„,  =  I57r.  the  sensitivity  was  96.5  (g.'^.T-QS.l, 
95'/f  confidence  interval),  the  specificity  was  85.7  (66.7- 
95.6, 95%  confidence  interval),  the  positive  predictive  value 
was  98.5*7.  and  the  negative  predictive  value  was  72.0% 
(Table  2). 

The  AVo,  corresponding  to  different  levels  of  sensitiv- 
ity and  specificity  was  estimated  by  modeling  the  data,  and 
confidence  intervals  were  defined  from  the  goodness  of  fit 
of  the  model.  Table  3  presents  those  values. 

Table  4  shows  the  percentage  of  failed  trials  at  various 
levels  of  AV^,,  with  the  AV,,  calculated  using  the  average 
for  the  entire  trial  excluding  the  first  5  minutes,  the  aver- 
age for  the  period  5-10  minutes  into  the  trial,  and  the 
average  for  the  last  5  minutes  of  the  trial.  The  percentage 
of  failed  trials  is  also  recorded  for  different  levels  of  fA^^ 
measured  at  the  end  of  the  trial.  A  clear  threshold  for 
defining  failure  was  evident  lor  the  average  of  the  entire 
trial,  compared  to  the  30-minute  ba.seline  period,  with  the 
failure  rate  increasing  drainaiically  with  AV,,  >  15'*. 
When  failure  rates  were  calculated  for  AV,,  measurements 
made  for  shorter  time  intervals,  cither  carh  in  the  trial  or 
at  the  end  of  the  trial,  failure  rates  increased  with  increas- 
ing AV,, .  but  there  was  no  clear  threshold  for  defining 
failure.  Values  of  \7Vj  measurcil  at  the  end  o(  the  trial 
were  not  sysiemalically  relatctl  lo  the  success  or  failure  of 
a  trial. 

Discussion 

Most  mcclKiiiically  ventilated  intensive  care  unit  pa- 
tients can  he  cxtiihated  in  ■  72  hours.'  Ho\\c\er.  because 
of  the  long  tluialion  of  their  mechanical  vcnlilatory  sup- 
port, palicnis  uho  are  difficult  to  wean  represent  a  sub- 
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Tabic  4.       Pcrccnlacc  of  Trials  Fnclini;  in  Failure  wiih  VariiHi-.  Nk-aMircs  iilOxviion  Cosi  iil  Brealhing  and  with  the  Ratio  of  Respiratory  Frequency 
to  Tidal  Volume 


AVo, 


<5 

5-9 
I()-I4 
15-19 
20  + 


AVOj  with  Reduction  in  Ventilalory  Support 


Pre-trial*  vs 
Trial  (%) 


Pre-trial*  vs 
Minutes  5-10 
of  Trial  I'-; ) 


1.4 

2.4 

0.0 

.55.6 

8I..1 


4.4 

2.4 

12.0 

21.3 

100.0 


AVoi  -  oxygen  co.sl  of  hrcatliing  (change  in  oxygen  consumption). 

tfVy  =  ratio  of  respiratory  frequency  to  tidal  volume. 

•Pre-trial  =  30  minute  measurement  period  tiefore  lire  weaning  trial. 


Pre-trial*  vs 

Last  5  min  of 

Trial  (%) 


1.8 
0.0 
6.3 

12.5 
58..^ 


Value 


<75 

75-90 

90-104 

105-119 

120  + 


fA'T 


Vc  Failure 


1.8 

16.7 
43 
IS.2 
19.4 


siantial  fiacliini  ol'  ihe  seiitilalor  t.la)s  in  nmsl  intensive 
care  units.  Structured  approaches  to  weaning  these  patients 
using  protocol-based  approaches  have  demonstrated  sub- 
stantial reductions  in  the  duration  of  mechanical  ventila- 
tion required  before  successful  weaning,"^ '*  compared  to 
usual  care  physician-initiated  approaches. 

These  protocols  involve  incremental  reductions  in  SIMV 
rate.*^  repetitive  trials  of  spontaneous  breathing,''-^  or  a  com- 
bination of  Ihe  two.'^"-'  Premature  termination  of  the  trials 
in  these  weaning  protocols  was  based  on  clinical  evidence 
of  ventilatory  failure,  and  currently  no  validated  measures 
exist  for  predicting  failure  to  tolerate  a  reduction  in  ven- 
tilatory support  other  than  the  development  of  actual  ven- 
tilatory failure.  Measures  do  exist  that  can  predict  the  suc- 
cess or  failure  of  complete  withdrawal  of  \entilatory 
support,  and  this  study  explored  the  utility  of  some  of 
those  measures  in  predicting  patient  tolerance  of  incre- 
tnental  reductions  in  \entilatory  support  as  part  of  a  wean- 
ing protocol. 

Several  studies"""*---'  have  examined  ilic  \alue  of 
AVq^  (defined  as  the  difference  in  V,,  between  total  me- 
chanical ventilation  and  unsupported  spontaneous  ventila- 
tion) as  a  predictor  of  successful  extubation.  In  those  stud- 
ies, the  criterion  for  success  or  failure  was  whether  the 
patient  could  be  successfully  extubated.  In  a  retrospective 
evaluation.  Lewis  et  aP"  reported  that  a  AVo,  <  15% 
correlated  well  with  the  patient's  ability  to  tolerate  removal 
of  ventilatory  support.  In  a  prospective  evaluation,  Shikora 
et  al'''"*  found  that  when  AVq  was  elevated  >  15%, 
patients  were  unlikely  to  succeed  with  extubation.  Shikora 
et  al  evaluated  patients  receiving  long-term  mechanical 
ventilation,  using  a  AV,,  value  of  15'f.  and  found  a  sen- 
sitivity of  100%  anil  a  specificitv  of  SO'/r  for  succcsstul 
extubation. 

fA^i  >  105  has  also  been  established  b_v  \ang  and 
Tobin'"  as  a  valid  predictor  for  successful  extubation,  but 


the  value  for  the  f/V,  ratio  fell  to  be  ihe  most  reliable 
cutoff  remains  controversial.' ' 

Success  in  using  these  measures  to  predict  successful 
extubation  led  us  to  evaluate  whether  AVq  could  be  usedto 
predict  patient  tolerance  of  a  given  reduction  in  level  of 
ventilatory  support  as  part  of  a  weaning  protocol.  With  the 
availability  of  convenient  and  noninvasive  AV^  measure- 
ment, changes  in  Vq  arising  from  changes  in  level  of 
ventilatory  support  can  become  part  of  the  data  used  to 
evaluate  patients  suffering  ventilatory  failure.  We  present 
data  on  changes  in  Vq^  that  occurred  when  the  level  of 
ventilatory  support  was  reduced  in  a  group  of  patients  who 
were  not  ready  for  extubation.  The  results  indicate  that 
patients  vv  ith  greater  increases  in  Vq,  following  reduction 
in  level  of  ventilatory  support  have  a  greater  likelihood  of 
developing  clinical  evidence  of  ventilatiirv  failure  vv  itliin 
30  minutes  of  the  reduction  of  support.  In  addition,  the 
likelihood  of  failure  increases  dramatically  when  the  in- 
crease in  V^,  exceeds  15%. 

The  measure  of  success  used  in  otir  studv  was  the  pa- 
tient's completion  of  a  trial  of  increased  ventilati)iv  work 
imposed  b)  a  reduction  in  the  ventilator  IMV  rate  w  ithout 
developing  signs  of  ventilatory  failure  as  assessed  by  the 
care  delivery  team.  Some  of  the  patients  who  did  not  show 
signs  of  ventilatory  failure  at  30  minutes  might  have  de- 
veloped signs  of  ventilatory  failure  if  they  had  been  al- 
lowed to  continue  their  trials  for  longer  periods,  but  this 
study  was  designed  to  examine  a  limited-duration  trial 
rather  than  reductions  of  ventilatory  support  that  could  be 
tolerated  indefinitely,  and  the  data  should  not  be  presumed 
to  predict  the  results  of  longer  trials. 

We  also  examined  whether  measuremenls  of  V,,  for 
shorter  periods  ct)iild  be  substituted  for  the  average  for  the 
entire  3()-minute  trial.  Measurements  taken  early  in  the 
trial  (the  average  of  the  values  from  5-10  minutes  into 
the  trial)  and  measuremenls  lakcn  over  the  last  .5  minutes 
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ol  ihc  trial  were  evaluated.  Neither  pruNiileil  as  clear  a 
ilircslmlil  lor  ilellnint;  success  or  failure. 

riie  ahseiice  ol  a  iliresholil  lt)r  AV,,  nieasurenienis  made 
during  short  periods,  either  early  or  late  in  the  trial,  may- 
relate  to  the  different  patterns  of  adjustment  to  reductions 
in  level  of  ventilatory  support.  In  some  trials,  the  early 
AV,,  average  was  high  and  settlci!  back  Joun  to  louci 
values  as  the  trial  progressed.  In  oilier  instances,  the 
early  AV,,  underestimated  the  a\cragc  tor  the  entire 
trial,  probably  because  the  patient  had  not  fully  equili- 
brated to  the  change  in  mechanical  \entilation  by  .S 
ntinutes  into  the  trial. 

Similar  discrepancies  were  noted  for  the  measurements 
taken  over  the  last  5  minutes  of  the  trial  and  may  relate  to 
the  likelihood  that  many  of  the  patients  were  becoming 
fatigued  by  the  end  of  the  trial,  thus  increasing  their  Vq  . 
This  increase  in  V,,  at  the  end  of  the  trial  did  not  produce 
e\  idence  of  clinical  respiratory  failure  sufficient  to  lead 
the  care  delivery  team  to  terminate  the  trial  within  the 
3{)-minute  trial  period  and  therefore  may  have  generated  a 
false  positive  piediction  of  failure.  It  remains  to  be  deter- 
mined whether  continuous  monitoring  of  V,,  during  the 
trial  to  identify  a  sudden  change  in  V,,  as  the  trial  progresses 
v\i)uld  be  a  useful  approach  to  defining  the  onset  of  ven- 
tilatory failure  or  respiratory  muscle  fatigue. 

We  also  e.xamined  the  possibility  of  using  the  average 
of  Vo,  for  only  5  minutes  as  a  baseline  measure  of  V„  , 
instead  of  a  3()-minute  average.  Using  the  average  of  the  5 
minutes  prior  to  the  start  of  the  trial  resulted  in  substantial 
\ariabilily  in  the  baseline  measurement,  compared  to  the 
3{)-minute  value,  and  significantly  reduced  the  predictive 
value  of  those  measurements.  There  is  probably  substan- 
tial \ariability  in  the  V,,  overtime,  and  .'i  minutes  may  not 
be  long  enough  to  obtain  a  representative  and  stable  ba.se- 
line  measurement  of  resting  V,-, . 

Conclusions 

The  observations  presented  in  this  study  may  be  useful 
in  guiding  protocol-based  weaning,  by  providing  a  useful 
predictor  of  the  level  of  reduction  in  mechanical  ventila- 
tory support  that  a  patient  is  likely  to  tolerate  for  sustained 
periods,  as  well  as  those  reductions  likely  to  produce  ven- 
tilatorv-  failure.  This  may  facilitate  more  rapid  progression 
through  the  weaning  protocol.  It  remains  to  be  determined 
in  additional  trials  whether  incorporation  of  AV^,  mea- 
surements as  part  of  the  decision  tree  in  a  weaning  trial 
actually  improves  the  rapidity  or  success  of  efforts  to  wean 
patients  from  mechanical  ventilatoi-y  support. 

In  summary,  the  difference  between  V,,  measured  dur- 
ing a  weaning  trial  and  that  during  a  resting  period  may  be 
a  useful  predictor  of  the  patient's  ability  to  tolerate  a  given 
reduction  of  mechanical  ventilatory  support  without  de- 
veloping clinical  ventilatory  failure.  A  AVq   of  s   15% 


predicts  that  a  patient  will  develop  clinical  signs  of  ven- 
tilatory failure  during  a  .3()-minule  trial  of  reduced  me- 
chanical ventilatory  support. 
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What's  New  in  Thoracic  Imaging? 

F.ric  .1  Stern  MD 


With  the  advent  of"  the  technologic  age.  there  have  been 
remarkable  advances  in  the  imaging  sciences.  As  such,  the 
beginning  of  our  new  millennium  brings  remarkable  new 
imaging  tools  to  bear  on  patient  diagnosis  and  Ireatmenl. 
Even  the  venerable  "plain  x-ray"  is  no  longer  that,  but  now 
a  remarkably  sophisticated  "computed  radiograph"  that  can 
be  archived  on  a  hospital  computer  system.  In  a  modern 
radiology  department,  computed  radiography  is  part  of  a 
fully  integrated  picture  archive  system. 

However,  the  greatest  technologic  and  diagnostic  ad- 
vances in  imaging  of  the  heart  and  lungs,  in  health  and 
di.sease,  has  taken  place  across  the  entire  array  of  cross- 
sectional  imaging  tools:  multi-detector  computed  tomog- 
raphy (CT)  scanners,  magnetic  resonance  imaging  (MRl). 
ultrasound,  and  nuclear  imaging.  Recent  articles  in  the  lay 
press  have  touted  the  technologic  advances  in  both  hard- 
ware and  software  of  multi-detector  CT  scanning  to  be 
called  the  "virtual  checkup."  with  a  potential  role  in  the 
early  detection  of  disease.  .Similar  advances  in  MRl  arc 
providing  not  just  anatomic  depictions  of  diseases  but  are 
allowing  physiologic  characterization  of  disease  states,  giv- 
ing us  new  windows  into  the  anatomy,  cell  structure,  and 
histopathology  of  living  tissues.  These  imaging  modalities 
are  noninvasive  or  minimally  invasive  and  can  be  used  to 
take  serial  "virtual  biopsies"  or  snapshots  of  target  organs 
and  tissues  in  living  animals  over  time. 

Exciting  physiologic  advances  are  also  being  seen  in 
nuclear  imaging,  especially  with  regard  to  cancer  evalua- 
tions and  imaging  at  the  cellular  and  molecular  levels,  with 
molecular  probes  and  contrast  agents.  Molecular  probes 
are  often  signal-producing  agents  linked  to  drugs  or  pro- 
teins, designed  to  be  specific  for  a  particular  molecule  or 
biological  process. 

We  are  also  now  witnessing  a  far-reaching  change  in 
image-guided  therapy.  We  are  at  the  threshold  of  real-time 
imaging  of  anatomy,  physiology  (eg,  blood  How,  neuron 
activation)  and  function  during  surgery,  video  imaging  in 


laparoscopic  surgery,  image-guided  placement  of  catheters 
and  other  devices,  and  surgical  computer-aided  design  and 
distance  medicine.  There  are  new  interventional  imaging 
techniques  such  as  thermal  coagulation  via  focused  ultra- 
sound. Molecular  and  other  imaging  modalities  can  be 
used  to  monitor  drug  delivery  and  action,  gene  expression, 
or  metabolism.  Developments  in  hardware  and  software  in 
CI,  MRl,  ultrasound,  positron  emission  tomography,  and 
single  photon  emission  CT,  in  concert  with  clinician-di- 
rected applications,  have  made  this  possible. 

Partly  in  recognition  of  these  advances,  the  United  .States 
Congress  has  created,  by  statute,  the  National  Institute  of 
Biomedical  imaging  and  Bioengineering  (NlBlBl.  The 
NIBIB,  the  newest  of  the  National  ln.slitutes  of  Health 
(NIH),  was  signed  into  law  in  December  of  2000.  The 
mission  of  the  NlBlB  is  to  suppt)rt  the  fundamental  re- 
search that  applies  the  principles  of  engineering  and  im- 
aging science  to  biological  processes,  disorders,  and  dis- 
eases. The  institute  will  facilitate  the  transfer  of  this  basic 
research  to  medical  application.  Dr  Ruth  Kirschstein,  act- 
ing director  of  the  NIH,  stated  that,  "while  dedicating  an 
institute  to  medical  technologies  rather  than  to  diseases, 
organ  systems,  or  populations  may  .seem  novel  for  the 
NIH,  it  is  truly  a  reflection  of  what  science  is  today — and 
where  science  will  be  taking  us  tomorrow."' 

This  special  issueof  RESfiKAroKYCARi^focu.seson  u  hat's 
new  in  thoracic  imaging.  The  authors  are  nationally  rec- 
ognized authorities  in  imaging  and  are  on  faculty  at  major 
university  hospital  tertiary  care  referral  centers.  The  arti- 
cles presented  are  meant  to  provide  an  overview  of  our 
exciting  new  imaging  world. 
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Mullidelector-Row  Spiral  Compuled  Tomography 
in  the  Diagnosis  of  Thoracic  Diseases 

Samuel  K  Dawn  MD.  Michael  B  Golway  MD,  and  W  Richard  Webb  MD 

liilrodiK'doii 

Miilti(liti'ct()r-R()>v  Spiral  ("ompiited  Idmojiraphy 

Achiintufjes  of  Multidetect(»r-R(»\v  Computed  lomojiraphy 

Multiplanar  Kt-const ruction 

Threi'-Dimensional  Reconstruction 
Clinical  Applications  ol  Multidetector  Spiral  Computed  Tomography 

Computed  T(»mosraphy  Pulmonary  Angiofiraphy 

Computed  Tomography  Aortography 

Detection  of  Kung  Modules  and  Diagnosis  of  Lung  Disease 

Airway  Imaging 
Summary 

Since  its  introduction  in  1992,  spiral  computed  tomography  (CT)  scanners  coastnicted  with  a  single  row  of 
detectors  have  revolutionized  imaging  of  thoracic  diseases.  Current  state-<»f-the-art  models  use  up  to  16 
detectors  and  are  capable  of  ac(|uiring  4  contiguous  slices  of  data  with  each  gantry  rotation:  systems  with  8 
data  acquisition  units  (and  more)  are  currently  in  development.  The  principal  advantages  ottered  by  these 
systems  are  increased  scanning  speed  and  the  ability  to  obtain  volumetric  data  in  high  resolution.  These 
features  enable  imaging  with  enhanced  contrast  concentration,  decreased  contrast  load,  decreased  respira- 
tory and  cardiac  motion  artifact,  and  multiplanar  and  3-dimensional  reconstruction  capabilities.  Herein  we 
first  review  the  technical  aspects  of  multidetector  spiniJ  CT  scanning.  The  arrangement  and  \arioiLs  com- 
binations of  the  detector  rows  are  discussed.  Key  scanning  variables,  including  collimation  (slice  thickness), 
pitch  (the  rate  of  table  travel  per  gantry  rotation  divided  by  the  beam  collimation),  and  gantry  speed,  are 
briefly  addressed  in  the  context  of  their  interrelationships.  Comparison  Is  made  with  single-detector-row 
systems  to  emphasize  the  superior  scanning  speed  and  resolution.  We  then  discuss  the  various  clinical 
applications  of  multidetcttor  spiral  C T,  including  CT  pulmonary  angiography,  CT  aortography,  >irtual 
bronchoscopy,  and  multiplanar  and  3-dimensional  rivonstructioas.  At  v  iuirds:  imiltkletecior-row  spiral  corn- 
puled  uniuiiiniphx.  MDSCT.  CT.  imilliplaiuir  nronMnuiinn.  .^dinunsumal  reconstniction.  piilmonaiy  angiugra- 
phx.  aonogniphw  |Respir  Care  200I;46(9):912-')2I  ] 


Introduction 

In  the  late  1980s.  Siemens  MeJieal  Systems  introduced 
the  first  helical  (spiral)  computed  tomography  (CT)  scan- 
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ner  for  eiinieal  applications.  It  is  characterized  by  the  capa- 
bility to  transport  the  patient  through  the  gantry  while  \(ilu- 
metric  data  are  simiiltaneousK  acijiiireii  through  a  coiitimious 
series  of  \-ray  tube  rotations.  In  these  single  slice  systems, 
the  .\-ray  photons  are  directed  ai  the  patient  using  a  desired 
thickness  (or  coUinuiUon)  and  are  recei\ed  by  a  single-rov\ 
detector  array.  By  eliminating  the  relati\  el)  time-consuming 
stepwise  patient  positioning  (the  so-called  "stop-and-shoot" 
method)  assiK-iated  with  conventional  CT  scanners,  helical 
CT  technology  greatly  reduces  scanning  time  and  impro\es 
the  speed  at  which  a  volume  of  interest  can  be  imagetl  \\\\\\ 
satisfactoiy  i|ualit\  I  known  as  volume  of  coverage  speed). 

Though  substantially  improved  in  scanning  efficiency 
and  patient  throughput,  the  \i)lume  coverage  performance 
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o\  single-seclioii  ("I'  is  liiniii.\l  In  iis  mkimhuiiii  piiih. 
wliich  is  (.IcfiiK-il  ;is  ihc  rate  ol  tabic  iia\cl  im  nun)  per 
gaiitr)  ri)lalii)ii  i.li\  iilcii  li\  the  heani  eollimaliun  ( also  know  n 
as  slice  thickness,  in  inru).  Td  increase  volinne  coverage 
speeil  in  these  systems,  either  the  table  tra\  el  speeil.  pitch. 
or  colliniation  must  be  increased.  Increasing;  table  travel 
speed  results  in  uiisatistactiirs  iniaiic  i.|nalil\  because  ol 
translaliun  motion,  whereas  increasing  collimation  de- 
creases spatial  resokition  in  the  loni;itiidinal  (/)  axis  ol  the 
patient.  .Mthoiiiih  the  \olume  imaiictl  can  be  increased  h\ 
more  rapid  gantrs  rotation,  gantrs  speed  is  limited. 

Spiral  C"T  scanners  use  a  continuously  rotating  gantry 
and  continuous  mo\emenl  of  the  table  and  patient  in  order 
to  aci|uire  data  continuouslv  and  \olumetricall\  duiiiiL'  the 
scan  seijuence.'  '  Most  currentlN  a\ailahlc  spiral  scanners 
use  a  single  row  ol  x-ray  detectors  that  acquire  data  from 
a  tissue  thickness  determined  by  Ihc  width  ot  the  x-ra\ 
beam  collimator  (eg,  I  mm  to  10  mm).  The  naiTower  the 
collimation.  the  higher  the  spatial  resolution  of  the  scan 
proiluced. 

Single-detector-row  s|iiral  CT  scanners  generally  ha\e  a 
gantry  rotation  speed  of  0.8  - 1  second  and  table  advancement 
per  rotation  of  up  to  twice  the  x-ray  beam  collimation. 
L  sing  a  collimation  of  .^  mm  and  a  pitch  of  2  for  a  2.'i  cm 
adult  thorax,  assuming  a  tube  rotation  lime  of  I  second,  a 
t\pical  spiral  scan  requires  25  gantry  rotations,  or  20-2.5 
seconds  to  complete.  The  duration  of  scanning  is  particu- 
laii\  important  in  chest  imaging,  as  it  is  necessary  for  the 
patient  to  sus|iend  respiration  during  the  scan  sequence  if 
o]itimal  images  arc  to  be  obtained.  Most  patients  can  sus- 
pend respiration  20-25  seconds,  and  this  scan  duration  is 
considered  appropriate  for  most  thoracic  CT  protocols. 
The  thinnest  collimation  reasonably  possible  for  a  single- 
brealh-hold  scan  is  5  nnii.  The  use  of  thinner  collimation 
(eg.  .^  mm)  in  order  to  achie\e  better  spatial  resolution  (ie. 
thinner  slices),  as  is  used  for  the  diagnosis  of  pulmonars 
embolism,  requires  that  the  extent  of  the  examination  be 
limited  to  a  portion  of  the  thorax,  or  more  than  one  breath 
must  be  used  for  imaging. 

Multidetector-Row  Spiral  (Omputed  Tomography 

In  1992.  the  first  spiral  CT  scanner  employing  2  detec- 
tor rows  was  introduced.  Subsequently,  several  manufac- 
turers iniroduced  spiral  CT  scanners  with  multiple  detector 
arra_\s  capable  of  acquiring  4  simultaneous  slices.  These 
systems  are  characleri/ed  by  multiple  parallel  rows  of  ile- 
lector  elements,  as  thin  as  I  mm.  that  encircle  the  paiicni 
and  that  can  be  combined  in  \arious  vsa\s  to  \ield  4  con- 
tiguous slices  for  each  gantrs  rotation.  In  addition  to  the 
quadruple  increase  in  \olumelric  data  actiuisition.  some  of 
these  sN stems  also  ha\e  an  increased  gantry  rotation  speed 
of  0.5  second,  further  increasing  volume  coverage,  and 


scanners  .ihle  to  image  S  levels  or  more  simullaneously  are 
ciirrentl\  under  development. 

Although  current  4-slice  spiral  CT  scanners  have  4  data 
acquisition  channels,  they  have  more  than  4  rows  of  de- 
tectors. This  allows  for  scanning  with  various  slice  thick- 
nesses. For  example,  one  scanner  system  employs  1(S  de- 
tector rows,  each  1.25  mm  wide,  arranged  side-by-side 
along  the  axis  of  gantrv  rotation  (h'ig.  I ).  These  rows  can 
be  grouped  in  various  combinations  to  generate  4  slices 
with  thicknesses  of  1.25  mm  (I  detector  row  for  each 
slice),  2.5  mm  (2  detector  rows  grouped  together  for  each 
slice).  3.75  mm  (.^  detectors  each),  and  5  mm  (4  detectors 
each).  Because  of  simultaneous  data  acquisition  Irom  the 
different  detectors,  table  adv  ancement  is  rapid  during  scan- 
ning. A  pitch  of  6  relative  to  scan  thickness  is  commonly 
used.  For  example,  using  1.25  mm  detectors,  a  pitch  of  6, 
and  a  gantrv  rotation  time  of  0.5  second,  the  table  travels 
15  mm  per  second,  allowing  the  entire  thorax  to  be  imaged 
in  about  17  seconds  with  high-resolution  technique.  I'sing 
a  scan  thickness  of  5  inm.  a  scan  of  the  thorax  would 
require  slightly  more  than  4  seconds.  When  scanners  ca- 
pable of  obtaining  S  simultaneous  images  become  avail- 
able, these  times  will  be  further  reduced. 

Advantages  of  Multidetector-K(»w  Computed 
Tomography 

The  advantages  of  multidetector-row  spiral  CT  (MD- 
SCT)  scanners  in  thoracic  imaging  relate  primarilv  to  their 
speed  and  volumetric  data  acquisition.  The  speed  of  MD- 
SCT  enables  the  infusion  of  contrast  agent  at  a  more  rapid 
rate  than  with  conventional  spiral  CT  and  alknvs  both 
optimal  opacification  of  intrathoracic  vasculature  and  a 
reduction  of  the  amount  ol  contrast  agent  the  patient  re- 
ceives. 

Furthermore,  because  of  the  rapidity  of  scanning,  high- 
resolution  breath-hold  volumetric  imaging  of  the  thorax  is 
possible.  Volumetric  imaging  makes  possible  both  multi- 
planar and  .Vtlimensional  image  reconstruction  techniques. 
In  addition,  a  unique  aspect  of  multidctector  scanning  is 
that  the  scan  data  can  be  reconstructed  in  various  slice 
thicknesses  after  a  single  scan  of  the  patient,  by  retrospec- 
tively grouping  the  data  from  detector  tows  in  different 
ways. 

Multiplanar  Reconstruction 

The  ability  of  MDSCT  to  image  the  entire  thorax  during 
siispendet.1  respiration  with  longitudinal  axis  resolution  of 
approximately  I  mm  results  in  a  nearlv  isotropic  data  set, 
which  can  be  viewed  in  any  plane  without  a  substantial 
reduction  in  anatomic  detail.-*  Most  workstations  currently 
used  to  view  CT  are  capable  of  rapidK  reconstructing 
sagittal  and  coronal  images  from  the  transaxial  data.  Such 
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images  can  he  valuable  in  assessing  a  \ariely  i)t'  thoracic 
abnormalities,  parlieiilarl\  the  iiieJiastinal  vasculature  and 
airways. 

Three-Dimensional  Reconstruction 

Although  time-consuming  and  not  as  easily  performed 
as  multiplanar  reconstruction,  various  3-dimensional  re- 
construction techniques  can  be  used,  providing  views  of 
the  imaged  volume  from  different  perspectives.-''  Four 
volumetric  reconstruction  techniques  are  generally  em- 
pkiyed  with  mullidetector  spiral  CT:  ( 1 )  shaded  surface 
display,  (2)  maximum  (or  minimum)  intensity  projections, 
(3)  curved  planar  reformations,  and  (4)  volume  rendering. 
Regardless  of  vv  hich  3-dimensional  rendering  technique  is 
employed,  it  is  imperative  to  view  the  unedited  transaxial 
sections. 

Shaded  surface  display  renders  volumes  by  reducing  the 
image  data  to  a  binary  set  based  on  a  predefined  threshold 
value.  Contiguous  pixels  above  the  threshold  are  modeled 
as  a  single  3-diniensional  structure.  The  computer  then 
generates  an  imaginary  source  of  illumination  to  depict 
surface  retlections,  which  are  then  displayed  in  the  image 
gray  scale.''  Shaded  surface  displays  also  can  be  made  with 
multiple  threshold  levels  to  enable  representation  of  struc- 
tures with  varied  attenuation.^  Shaded  surface  display  re- 
construction is  particularly  good  at  displaying  complex 
3-dimensional  anatomy,  although  the  majority  of  informa- 
tion regarding  relative  x-ray  attenuation  values  of  different 
structures  is  lost.  This  method  is  used  most  often  in  iden- 
tifying airway  and  vascular  lesions. 

Maximum  intensity  projection  or  minimum  intensity  pro- 
jection images  are  generated  by  projecting  rays  through 
the  volumetric  data  in  any  given  direction.  The  maximum 
(or  minimum)  value  encountered  by  each  ray  is  encoded  in 
a  2-dimensional  projectional  display.**  Maximum  intensity 
projection  images  represent  the  densest  pixels  encountered 
by  the  ray  within  a  slab  of  contiguous  high-resolution 
images,  whereas  minimum  intensity  projection  images 
show  the  least  dense  pixels.  In  the  thorax,  maximum  in- 
tensity projections  have  been  used  primarily  for  projection 
angiography.  They  may  also  be  valuable  in  the  diagnosis 
of  nodular  lung  disease.  Maximum  intensity  projection 
images  increase  the  detection  of  small  lung  nodules  and 
can  be  helpful  in  showing  their  anatomic  distribution."  " 
Small  lung  nodules  are  more  easily  distinguished  from 
vessels  on  maximum  intensitv  projection  images  than  on 
routine  transaxial  CT.  Minimum  intensity  projection  im- 
ages are  of  particular  value  in  identifying  airways  and 
low-attenuation  lung  disease  such  as  emphysema."^ 

Curved  planar  reformation  represents  a  single-voxel- 
thick  tomographic  section  prescribed  by  drawing  a  curve 
on  either  an  axial  section,  reformatted  section,  surface  dis- 
play, or  maximum  intensity  projection,  which  is  then  ex- 
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Fig.  1 .  Geometry  of  detectors  in  the  General  Electric  LIghtspeed 
QX/i  quad-section  multidetector-row  spiral  computed  tomogra- 
phy scanner  (GE  Medical  Systems.  Milwaukee,  Wisconsin).  Six- 
teen 1 .25  mm  wide  detector  rows  are  arranged  along  the  longitu- 
dinal axis  of  the  patient.  The  elements  can  be  combined  into  groups 
of  1-4  to  provide  scans  of  various  thickness.  A;  To  acquire  four 
1 .25  mm  sections,  only  the  central  4  detectors  are  used.  To  obtain 
four  2.5  mm  slices,  the  central  8  units  are  grouped  Into  4  pairs.  B: 
All  16  detector  units  are  activated  when  four  5.0  mm  slices  are 
needed.  C:  With  the  acquisition  of  volumetric  data,  retrospective 
reconstruction  can  be  performed.  Here.  2.5  mm  thick  data  are 
reconstructed  into  5  mm  slices. 


tended  through  the  entire  data  set.  Although  it  may  appear 
similar  to  a  simple  oblique,  sagittal,  or  coronal  recon- 
structed image,  it  represents  a  cur\  ed  plane.  Curved  planar 
reformations  are  particularly  valuable  for  showing  the  lu- 
men of  a  ves.sel  or  airway.  It  is  important  to  keep  in  mind 
that  curved  planar  reformations  are  operator-dependent  and 
inaccurate  curve  drawing  can  falsely  simulate  lesions  that 
are  not  present  or  can  obscure  true  abnormalities. 

Volume  rendering  is  a  technique  in  which  tissue  types 
are  assigned  color,  transparency,  and  refractive  index  val- 
ues, depending  on  the  information  desired  from  the  data 
set,"*'-  The  volume  rendering  can  be  generated  from  within 
the  data  set.  prov iding  the  v iewer  with  a  perspective  from 
vv  ithin  the  image.  An  example  is  v  irtual  bronchoscopy."-'^ 

Clinical  Applications  of  Multidctector  Spiral 
Computed  Tomography 

The  emergence  of  MDSCT  scanners  has  fundamentally 
altered  the  manner  in  which  CT  of  the  thorax  is  pertbrmed 
and  interpreted.  Examples  of  the  important  clinical  uses  of 
MDSCT  in  current  radiologic  practice  include  CT  pulmo- 
nary angiographv.  CT  aortography,  airway  imaging,  and 
the  use  of  multiplanar  and  maximum  and  minimum  inten- 
sity projection  reconstruction  in  the  detection  of  lung  nod- 
ules and  the  diagnosis  of  dilfuse  lunt;  disease. 
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Fig.  2.  Computed  tomography  pulmonary  angiography.  A:  Postcon- 
trast  transaxial  multldetector-row  spiral  computed  tomography  (MD- 
SCT)  (window  width  450  HU  [Hounsfleld  units],  window  level  50  HU. 
scan  thickness  1 .25  mm)  depicts  an  acute  pulmonary  embolus  (ar- 
row) In  a  right  lower  lobe  segmental  artery.  B:  Sagittal  reconstruc- 
tion of  the  same  study  shows  the  extent  of  the  nght  lower  lobe 
pulmonary  embolus  (arrow).  The  predisposing  factor,  a  large  nght 
hilar  bronchogenic  carcinoma  (Ca),  is  also  seen.  C:  Coronal  recon- 
struction shows  the  hilar  carcinoma  (Ca)  with  mediastinal  invasion. 


(Omputt'd  Tomofiraphy  Pulmonary  Angiography 

The  develupmcnl  dI  spiral  CT  scanners  enabled  the  de- 
velopment of  CT  pulmonary  angiography  for  the  diagno.sis 
of  puhiionary  embolism  (Fig.  2).  Using  single-deteetor- 
rou  spiral  scanners  with  a  collimation  of  3  mm  and  a  pitch 
of  2,  acceptable  sensitivity  and  specificity  values  of  about 
W r  have  been  reported  for  the  diagnosis  of  pulmonary 
embolism.'^  '^  although  the  accuracy  of  this  technique  has 
pi'oNcn  to  be  limited  in  the  diagnosis  of  subsegmental  eiTi- 
holi.i'~<  -"--"--^ 

With  the  de\elopment  of  multidetector-row  scanners. 
high-resolution  CT  of  the  pulmonary  vasculature  is  now 
possible  during  suspended  respiration.  Using  1.25  mm  de- 
tectors, a  pitch  of  6,  and  a  gantry  rotation  time  of  0.5 


second  for  UT  pulmoiiar\  angiography,  high-resolulion 
images  of  the  eiilire  pulmonary  vascular  bed  can  be  ob- 
tained in  appro.ximately  17  seconds.  This  reduces  image 
degradation  from  patient  respiratory  motion  and  also  max- 
imizes the  ct)ntrast  bolus.  .Although  the  aceurae\  of  MD- 
SCT  in  diagnosing  pulmonary  embolism  has  not  been 
assessed,  there  is  no  doubt  that  its  accuracy  is  substantially 
better  than  that  of  single-detector-rovv  spiral  ("f.  Multi- 
planar reformations  may  prove  valuable.-'* 

Furthermore,  with  mullidetector-row  CI.  the  eiitue  tho- 
rax is  usually  imaged,  whereas  only  10-12  cm  of  the 
thorax  encompassing  the  major  pulmonary  arteries  are  usu- 
ally imaged  using  a  single-detector-row  spiral  CT  scanner. 
B\  offering  a  detailed  view  of  the  entire  thorax,  cardio- 
pulmonary conditions  that  mimic  pulmonary  embolism 
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Fig.  3.  Computed  tomography  aortography.  A;  Postcontrast  transaxial  multidetector-row  spiral  computed  tomography  (MDSCT)  (window 
width  450  HU  [Hounsfield  units],  window  level  50  HU,  scan  thickness  2.5  mm)  in  a  patient  with  type  A  aortic  dissection.  At  the  level  of  the 
thoracic  inlet,  the  inlimal  flap  is  seen  extending  into  the  right  subclavian  artery  (black  arrow)  and  right  common  carotid  artery  (white  arrow). 
A  large  right  pleural  effusion  is  also  seen.  B:  More  interiorly,  on  a  scan  through  the  cranial  aspect  of  the  aortic  arch,  the  intimal  flap  is  seen 
in  the  innominate  artery  (white  arrow)  and  the  aortic  arch  (black  arrow).  The  false  lumen  of  the  brachiocephalic  artery  is  hypodense  (asterisk), 
indicating  delayed  perfusion.  C:  At  the  level  of  the  atrioventricular  valves,  an  intimal  flap  is  seen  in  the  descending  thoracic  aorta.  The  true 
(black  arrow)  and  false  (white  arrow)  lumina  are  well  illustrated.  Slow  flow  in  the  false  lumen  is  evidenced  by  the  diminished  contrast 
opacification.  The  compressed  true  lumen  shows  normal  opacification.  D:  Sagittal  reconstructed  image  of  the  aorta  shows  the  celiac  artery 
(arrow)  arising  from  the  true  lumen  of  the  aortic  dissection,  as  is  characteristic.  The  false  lumen  (asterisk)  is  posterior.  Because  of  the  rapid 
scanning,  the  entire  aorta  can  be  imaged.  E:  A  maximum  intensity  projection  image  shows  the  intimal  flap  in  the  abdominal  aorta.  The  true 
(white  arrow)  and  false  (black  arrow)  lumina  are  well  delineated.  The  left  renal  artery  (small  arrow)  arises  from  the  false  lumen.  The  reduced 
contrast  opacification  of  the  false  lumen  of  the  aorta,  the  left  renal  artery,  and  the  left  kidney  is  consistent  with  slow  flow.  The  right  kidney, 
supplied  by  the  true  lumen,  shows  normal  enhancement. 
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Fig.  4.  Multidetector-row  spiral  computed  tomography  (MDSCT) 
reconstructions  in  a  normal  subject.  A:  Coronal  reconstruction  from 
a  series  of  1.25  mm  scans,  viewed  using  lung  window  settings 
(window  level  -700  HU  [Hounsfield  units],  window  widtti  1,000 
HU).  Tfie  trachea,  mainstem  bronchi,  and  pulmonary  hila  are  de- 
picted in  great  detail.  B:  Sagittal  reconstruction  of  the  right  lung 
viewed  using  lung  window  settings  clearly  shows  the  major  fissure 
(large  arrows)  and  minor  fissure  (small  arrows).  Also  note  the  ex- 
cellent resolution  of  small  pulmonary  vessels.  C:  Volume  rendered 
reconstruction  image  of  the  left  pulmonary  hilum.  The  left  pulmo- 
nary artery  (A)  and  its  branches  and  the  left  superior  pulmonary 
vein  (V)  are  clearly  visualized. 
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Fig.  5.  Maximum  intensity  projection  in  a  patient  with  multiple  small 
pulmonary  arteriovenous  malformations  related  to  the  Osler-Rendu- 
Weber  syndrome  (window  width  450  HU  [Hounsfield  units],  win- 
dow level  50  HU)  reconstructed  from  1.25  mm  scans.  Maximum 
intensity  projection  images  represent  the  summation  of  the  dens- 
est pixels  in  a  volumetric  data  set,  usually  the  enhanced  vascula- 
ture and  osseous  structures.  Coronal  (A  and  B)  and  sagittal  (C) 
images  depict  the  morphology  of  the  arteriovenous  malformations 
(arrows)  to  great  advantage. 


clinicall\  may  also  be  discovered.  Common  such  I'iiidings 
include  pulmonary  edema,  pneumonia,  atelectasis,  pleural 
effusion,  and  aortic  abnormalities. 

Computed  Tomography  .Aortography 

Imaging  of  the  aorta  is  an  important  use  ofspiral  CT,-''  " 
and  imaging  of  various  acquired  aortic  abnormalities  (in- 
cluding traumatic  aortic  injury,  aortic  dissection,  penetrat- 
ing atherosclerotic  ulcer,  and  aortic  aneurysm)  has  bene- 
fited greatly  frt)ni  the  increased  xolumetric  scanning  speed 


of  MDSCT.'-  With  a  collimation  ol  2..^  mm  and  pitch  of 
6,  the  aorta  can  be  easily  scanned  in  its  entirety  (ie,  from 
the  aortic  arch  to  its  bifurcation  in  the  abdomen)  during 
optimal  contrast  concentration.  By  imaging  during  early 
arterial  phase,  it  is  also  possible  to  determine  perfusion  of 
the  aorta  and  its  branches.  This  capability  is  important  in 
such  applications  as  aortic  dissection  studies,  where  dif- 
ferential contrast  opacification  alk)ws  the  evaluation  of 
perfusion  to  the  true  and  false  lumina,  as  well  as  the  major 
mesenteric  and  renal  branches  (Fig.  .^).  To  further  assess 
the  aortic  abnormality,  the  acquisition  of  high-resolution 


918 


Respir.\tory  Care  •  September  200 1  Voi.  46  No  9 


MULTIDETECTOR-ROW  SpIRAI.  COMPUTED  TOMOGRAPHY 


Fig.  6.  Multidetector-row  spiral  computed  tomography  (MDSCT) 
scan  of  a  patient  with  centrilobular  and  paraseptal  emphysema.  A: 
Transaxial  1.25  mm  section  showing  multiple  lucencies  character- 
istic of  centnlobular  and  paraseptal  emphysema  (window  level 
-700  HU  [Hounsfield  units],  window  width  1.000  HU).  B:  Axial 
reconstruction  at  the  same  level  as  Figure  6A.  using  a  minimum 
intensity  pro|ection  technique  accentuates  the  attenuation  differ- 
ence between  normal  and  emphysematous  lung  parenchyma.  The 
emphysema  is  clearly  shown  to  be  predominant  on  the  right  side. 
On  a  minimum  intensity  projection  image,  pulmonary  vessels  dis- 
appear and  parenchyma  is  seen  to  best  advantage.  C:  Coronal 
reconstruction  using  minimum  intensity  projection  technique  in 
the  same  patient.  Predominance  of  emphysema  in  the  right  upper 
lobe  (arrows)  is  clearly  seen.  Identifying  the  distribution  of  emphy- 
sema may  be  valuable  in  planning  surgical  treatment. 


volumetric  data  allows  mulliplanar  and  3-dimensional  re- 
construction, which  allows  detailed  evaluation  of  the  lo- 
cation and  extent  ol  aortic  disease. 

Detection  of  l.unc  Nodules  and  Diai^nosis  of  I.ung 
Disease 

Interpretation  of  the  high-resolution  volumetric  data  set 
resulting  from  a  Mr3SCT  scan  necessitates  the  use  of  a 
workstation  rather  than  film  and  view  box.  This  is  not  only 
because  of  the  large  number  of  slices  obtained  for  a  chest 
scan  (appro.ximately  200)  but  also  the  need  to  view  them 
in  different  ways  and  with  different  reconstruction  algo- 
rithtns  (Fig.  4).  For  example,  because  of  the  thin,  high- 
resolution  images  obtained  uiih  MDSCT.  small  lung  nodules 
may  be  difficult  to  distinguish  from  vessels  seen  in  cross 
section.  This  problem  can  be  o\ercome  by  the  reconstniction 
of  thicker  slices  from  the  volumetric  data  set  or  b\  the  use  of 
maximum  intensity  projection  images,  on  which  branching 
vessels  and  nodules  :ire  easily  distinguished. 

Maxinuun  intensity  projection,  by  showing  the  densest 
structures  in  a  volume  to  best  advantage,  allows  multipla- 
nar reconstruction  to  elucidate  vascular  abnormalities  such 
as  pulmonarv  emboli  and  pulmonar\  arteriovenous  mal- 
formations (Fig.  5).  Similarly,  as  indicated  above,  maxi- 
mum intensity  projection  images  may  be  valuable  in  the 
diagnosis  ot  diffuse  lung  diseases. 

Minimum  intensity  projection,  on  the  other  hand,  improves 
visualization  of  low-attenuation  lung  lesions  by  selecting  for 
the  pixels  of  lowest  attenuation  ( ie,  those  containing  air).  TTiis 
technique  has  proven  valuable  in  assessing  subtle  variations 
in  lung  attenuation,  such  as  in  the  case  of  mild  emphysema 
(Fig.  6)  and  subtle  air  trapping  (Fig.  7). 

Airway  Imaging 

By  acquiring  isotropic  volumetric  data  in  high  resolu- 
tion. MDSCT  allous  multiplanar  and  3-dimensit)nal  re- 
construction. These  techniques  have  been  used  to  advan- 
tage in  imaging  the  airways,  particularly  in  patients  w  ith 


airwav  stenoses  and  endobronchial  lesions.' 


Three-di- 


mensional airway  imaging  trom  an  internal  perspective 
(ie.  virtual  bronchoscopy)  is  an  example,"*-^'*  The  clinical 
usefulness  of  these  techniques  is  yet  to  be  evaluated.'"' 

Sumnian 

Since  its  introthiLiion  in  1442.  multidetector  spiral  CT 
has  revoluiioni/etl  thoracic  imaging.  The  most  important 
progress  has  been  in  CT  pulnionarv  angiography,  CT  aor- 
tography, virtual  bronchoscopv,  and  high-resolution  iso- 
tropic reconstruction.  Current  state-of-the-art  systems  em- 
ploy 4  detector  units,  allowing  volumetric  registratii>n  of 
data  with  resokitit)n  ranging  as  high  as  1.23  mm.  Coupled 


Respiratory  Care  •  September  200!  Voi.  46  No  9 


919 


MULTIDGTECTOR-ROW  SPIRAL  COMPUTED  TOMOGRAPH-i 


Fig.  7.  High-resolution  multidetector-row  spiral  computed  tomog- 
raphy (MDSCT)  in  a  patient  with  bronchiolitis  obliterans,  charac- 
terized by  bronchiectasis  and  air  trapping  (window  level  -700  HU 
[Hounsfield  units],  window  width  1,000  HU,  scan  thickness  1.25 
mm).  A:  Transaxial  section  depicts  bronchiectasis  (white  arrows) 
and  associated  areas  of  low  attenuation  due  to  air  trapping  (black 
arrows).  B:  Axial  maximum  intensity  projection  image  at  the  same 
level  enhances  visibility  of  the  pulmonary  artenes  and  clearly  shows 
decreased  vascularity  in  areas  of  air  trapping  (arrows).  Pulmonary 
artery  supply  to  the  right  upper  lobe  appears  normal.  C;  Axial 
minimum  intensity  projection  image  illustrates  the  inhomogeneous 
lung  opacity  to  best  advantage.  Areas  of  lucent  lung  (air  trapping) 
are  clearly  seen.  D:  Sagittal  minimum  intensity  projection  image 
through  the  left  lung  shows  the  air  trapping  to  be  most  severe  in 
the  superior  segment  of  the  lower  lobe  (S)  and  the  lingula  (L). 


v\  ith  the  doubling  of  gantry  rotation  speed  to  0.5  seconds, 
it  is  now  possible  to  acquire  isotropic  imaging  data  with 
increased  speed  and  resolution.  The  luiiiierous  advantages 
of  multidetector  CT  include  reduced  volumes  of  contrast, 
impro\ed  contrast  opacification,  increased  scanning  speed, 
less  patient  motion  artifact,  and  impro\ed  quality  of  mul- 
tiplanar and  3-dimensional  reconstructions.  These  features 
are  particularly  valuable  in  the  imaging  of  intrathoracic 
\asculature.  where  scanning  speed  is  critical  to  ensuring 
optimal  contrast  opacification.  Meanwhile,  volumetric  data 
acquisition  allows  retrospective  reconstruction  in  exquisite 
detail.  The  various  reconstruction  algorithms  potentiate 


multiplanar  and  ."^-dimensional  evaluation  of  intrathoracic 
vasculature,  airways,  and  lung  parenchyma.  With  the  de- 
velopment of  S-detector  systems  currently  in  progress,  it  is 
foreseeable  that  these  advantages  v\ill  be  lurther  augmented 
in  the  near  future. 
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Magnetic  Resonance  Imaging  of  the  Chest 

Charles  S  White  MD 


Introduction 

Magnetic  Resonance  Imaging  Techniques 

Thoracic  Arteries  and  Veins 

Magnetic  Resonance  Imaging  of  Specific  Thoracic  Regions 

Newer  Thoracic  Magnetic  Resonance  Imaging  Techniques 

Summary 


Thoracic  magnetic  resonance  imaging  (MRI)  has  recently  undergone  important  advances,  and 
newer  applications  could  expand  the  role  of  thoracic  MRI.  Existing  and  developing  MRI  techniques 
are  descrihed  and  compared  to  other  imaging  techniques  with  regard  to  imaging  various  thoracic 
regions,  structures,  and  diseases.  After  an  initial  discussion  of  MRI  techniques,  the  role  of  tho- 
racic MRI  in  evaluation  of  the  thoracic  arteries  and  veins  is  described.  The  next  section  focuses 
on  specific  anatomic  regions;  namely,  the  lung,  mediastinum,  pleural  space,  thoracic  inlet,  and 
diaphragm.  The  final  section  reviews  some  novel  techniques  that  may  improve  our  ability  to 
visualize  the  pulmonary  parenchyma  and  mediastinum.  Ke\  wards:  thoracic  iiiuii;iiii;.  nini^iu'tic 
resonance  imaging,  thoracic  vessels,  hoig  cancer,  mediastinum,  pleura,  thoracic  inlet,  diaphragm.  MR 
ventilation.   [Respir  Care  2001  ;46(9):922-9311 


Introduction 

'Magnetic  resonance  imaging  (MRI)  of  the  chest  has 
not  received  the  attention  that  has  been  devoted  to  many 
other  parts  of  the  body.  Nevertheless,  substantial  progress 
has  been  made  both  in  understanding  the  application  of 
current  MRI  techniques  to  the  thorax  and  in  developing 
newer  methods  to  investigate  the  thorax. 

This  overview  of  the  state  of  chest  MRI  is  organized 
into  several  sections.  After  an  initial  discussion  of  MRI 
techniques,  the  role  of  thoracic  MRI  in  exaluation  of  the 
thoracic  arteries  and  veins  is  described.  The  next  section 
focuses  on  specific  anatomic  regions;  namely,  the  lung, 
mediastinum,  pleural  space,  thoracic  inlet,  and  diaphragm. 
The  final  section  re\'iev.s  some  no\el  techniques  that  may 
improve  our  ability  to  \  isuali/e  the  pulmonary  parenchyma 
and  mediastinum. 


Cliarles  S  White  MD  is  affiliated  wilh  the  Department  of  Diagnostic 

Radiology.  University  Hospital.  University  of  Maryland  School  of  Med- 
icine. Baltimore.  Maryland. 

Correspondence:  Charles  S  White  MD,  Dcpartnicni  of  Diagnostic  Radi- 
ology. University  of  Maryland  School  of  .Medicine.  22  South  Greene 
Street,  Baltimore  MD  21201.  E-mail:  cwhitcfe  umm.edu. 


Magnetic  Resonance  Imaging  Techniques 

Spin-echo  techniques  remain  in  wide  use  for  the  eval- 
uation of  the  thorax  hy  MRI  and  produce  dark  blood  im- 
ages.' For  imaging  adjacent  to  the  heart,  electrocardio- 
gram-triggering should  be  used  to  reduce  phase-encode 
artifacts.  With  triggering,  Tl -weighted  images  are  acquired 
by  setting  the  repetition  time  equal  to  one  R-to-R  interval. 
Because  the  R-R  interval  is  determined  by  the  patient's 
heart  rate,  for  patients  with  slow  heart  rates  (long  R-R 
interval)  images  may  not  be  as  Tl -weighted  as  in  other 
parts  of  the  body.  The  echo  time  is  typically  set  at  20  ms. 
More  recently  the  use  of  double  inversion  recovery  imag- 
ing has  permitted  acquisition  of  Tl -weighted  images  dur- 
ing a  breath-hold. 

T2-weighted  images,  which  in  the  thorax  are  used  to 
characterize  soft  tissue  abnormalities,  are  obtained  as  mul- 
tiple R-R  intervals,  such  thai  ihe  repetition  time  exceeds 
2,000  ms.  The  echo  time  is  usuall>  prescribed  as  100  ms. 
Recently,  the  development  of  gated  fast  spin-echo  tech- 
niques has  allowed  acquisition  of  T2-weighted  dark  blood 
images  much  more  rapidly.  The  brightness  of  thi^racic 
masses  on  Tl-  and  T2-weighted  images  often  allows  some 
tissue  characterization  of  the  masses. 
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Fig.  1 .  A  33-year-old  man  with  aortic  dissection.  A:  Gradient-echo 
magnetic  resonance  image  through  the  aortic  arch  shows  an  in- 
timal  flap  separating  the  true  (straight  arrow)  and  false  (curved 
arrow)  lumina.  B:  On  contrast-enhanced  magnetic  resonance  an- 
giography (MRA).  the  intimal  flap  (arrow)  is  identified  in  the  de- 
scending thoracic  aorta. 


Bright  blood  imaging  is  essentia!  tor  assessment  of  \as- 
cular  structures.-  This  technique  employs  gradient-echo 
imaging  and  flow-compensation  to  produce  high  signal 
intensity  in  flowing  blood.  The  images  can  be  gated  and 
placed  into  a  cine  hiop  that  allows  assessment  of  vascular 
motion.  Because  gradient-echo  sequences  are  obtained  very 
rapidly,  bright-bk)od  imaging  can  be  acquired  in  a  breath- 


Fig.  2.  A  28-year-old  man  with  a  mycotic  aneurysm.  A:  Chest 
radiograph  shows  a  focal  mass  extending  from  the  left  superior 
mediastinum.  B:  On  contrast-enhanced  magnetic  resonance  an- 
giography (MRA).  a  large  saccular  aneurysm  projects  from  the 
aorta  just  distal  to  the  takeoff  of  the  left  subclavian  artery. 
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Fig.  3.  A  60-year-old  woman  initially  thought  to  have  pulmonary 
embolism.  A:  Contrast-enhanced  computed  tomography  scan 
shows  a  large  filling  defect  within  the  main  and  right  pulmonary 
arteries.  B:  On  a  coronal  T1 -weighted  spin  echo  magnetic  reso- 
nance image,  the  branch  pulmonary  arteries  are  also  involved  (ar- 
rows). This  lesion  did  not  resolve  with  anticoagulants  and  proved 
to  be  an  angiosarcoma. 


Fig.  4.  A  49-year-old  man  with  an  invasive  thymoma  and  superior 
vena  cava  (SVC)  obstruction.  A:  Axial  T1  -weighted  spin  echo  mag- 
netic resonance  image  shows  a  large  antenor  mediastinal  mass 
adjacent  to  the  aorta.  There  is  no  flow  void  in  the  expected  posi- 
tion of  the  SVC.  B:  Gradient-echo  magnetic  resonance  image  re- 
veals the  mass  and  absence  of  flow  within  the  SVC.  Using  this 
sequence,  collateral  vessels  in  the  chest  wall  are  well  visualized 
(arrowheads). 


normality.  For  vascular  disease,  the  use  of  contrast  mate- 
rial increases  the  signal-to-noise  ratio  and  permits 
generation  of  magnetic  resonance  angiography  (MRA), 
which  can  be  displayed  in  a  3-dimensional  format. 

A  torso-array  coil  is  usually  sufficient  for  imaging  i>f 
the  chest.  For  structures  adjacent  to  the  heart,  a  dedicated 
cardiac  coil  can  be  used.  Respiratory  compensation  is  ad- 
visable to  decrease  artifacts  caused  by  ghosting.  This  can 
be  accomplished  by  the  use  of  a  bellows  or  with  MRl 
pulses  that  track  the  motion  of  the  diaphragm,  combined 
with  an  algorithm  that  accepts  only  images  obtained  with 
the  diaphragm  in  a  central  position. 


hold.  Recently  dc\  eloped  steady-state  precession  sequences 
(true  fast  imaging  with  steady-state  precession)  permit  a 
higher  contrast-to-noise  ratio  between  the  blood  pool  and 
surrounding  tissues. 

Contrast  enhancement  is  usiiail_\  performed  with  gado- 
linium chelate  and  plays  a  considerable  rt)le  in  evaluating 
thoracic  disease  by  MR!.'  For  chest  lesions,  the  enhance- 
ment pattern  may  allow  tissue  characterization  of  the  ab- 


Thoracic  Arteries  and  Veins 

MRl  is  one  of  the  best  techniques  to  assess  the  aorta.  It 
is  more  versatile  than  computed  tomography  (CT)  because 
images  can  be  acquired  directly  in  any  plane,  whereas  CT 
is  restricted  to  the  axial  plane,  with  off-a\ial  reconstruc- 
tion required.  Moreover,  with  MRl.  both  dark  and  bright 
blood  images  can  be  obtained  and  contrast  use  is  optional. 
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Fig.  5.  A  30-year-old  man  with  partial  anomalous  pulmonary  ve- 
nous return  from  the  left  upper  lobe.  A:  Gradient-echo  magnetic 
resonance  image  shows  an  anomalous  structure  (vertical  vein) 
lateral  to  the  aortic  arch  (arrow).  B:  At  a  more  inferior  level,  the 
venous  return  from  the  left  upper  lobe  can  be  seen  entering  the 
vertical  vein  (arrow). 


With  CT.  contrast  injection  is  required  for  optimal  assess- 
ment. Disadvantages  of  MRI  are  the  longer  setup  time,  the 
increased  likehhood  of  claustrophobia,  the  greater  expense, 
and  less  a\ailability  of  scanners. 

MRI  is  valuable  to  assess  acquired  aortic  diseases  such 
as  aortic  dissection  and  aneurysm. ■*  Aortic  dissection  is 
caused  by  separation  of  a  part  of  the  wall  of  the  aorta,  with 
entry  of  blood  into  the  wall.  An  intimal  flap,  representing 
the  dissected  portion  of  the  wall,  divides  the  true  and  false 
(intramural)  channels  (Fig.  I ).  MRI  using  dark  and  bright 
blood  imaging  identifies  and  localises  the  intimal  fiap.  MR 
angiography  can  show  the  relationship  of  the  flap  to  the 
great  vessels.^  If  the  flap  involves  the  ascending  aorta  or 
arch  (Type  A),  surgery  is  indicated.  If  the  (lap  is  restricted 
to  the  descending  aorta  (Type  Bl.  medical  therapy  is  pre- 
ferred. 

Aortic  aneurysm  lan  abnormal  dilatation  of  the  aorta 
that  can  be  caused  by  atherosclerosis,  connective  tissue 
disease,  trauma,  or  infection)  is  also  well  depicted  on  MRI 
(Fig.  2).'' The  location,  size,  and  amount  of  clot  within  the 
aneurysm  can  be  observed.  Aneurysms  larger  than  3  cm 
are  at  risk  for  rupture  and  are  usualh  referred  for  surgical 
repair. 

MRI  is  useful  to  evaluate  congenital  abnormalities  of 
the  aorta.  Aortic  coarctation  is  a  constriction  of  the  aorta, 
typically  located  just  distal  to  the  subclavian  artery.  This 


Fig.  6.  A  66-year-old-man  with  invasive  lung  cancer.  A  and  B: 
Contiguous  axial  T1 -weighted  spin  echo  magnetic  resonance  im- 
ages show  a  large  left  upper  lobe  mass  invading  the  mediastinum 
and  encasing  the  left  main  bronchus  (solid  arrow)  and  left  pulmo- 
nary artery  (open  arrow). 


area  is  well  visualized  by  echocardiography  in  infants  but 
is  less  accessible  in  adults.  MRI  pro\ides  an  effective 
noninvasive  method  to  assess  the  location  and  extent  of 
constriction,  the  gradient  across  the  coarctation,  and  the 
amount  of  collateral  vessel  formation.'  Other  congenital 
abnormalities  of  the  aorta  include  an  aberrant  right  sub- 
clavian artery,  right  aortic  arch,  and  double  aortic  arch. 
These  entities  may  form  \ascular  rings  that  compress  the 
esophagus  or  trachea,  causing  symptoms  of  dysphagia  or 
stridor.  MRI  accurately  delineates  the  location  and  type  of 
aiiomah  and  the  compressi\e  effects  of  the  anomalous 
vessels.''* 

MRI  has  also  been  applied  to  imaging  of  the  pulmonary 
;u"teries.  An  ultra-fast,  gradient  echo,  3-dimensional  s;ad- 
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Fig.  7.  A  37-year-old  woman  with  a  benign  cystic  teratoma.  A: 
Chest  radiograph  shows  a  mediastinal  mass  adjacent  to  the  right 
heart  border.  B:  Computed  tomography  scan  shows  that  the  mass 
is  in  the  antehor  mediastinum  and  is  of  low  density.  C:  On  axial 
T1  -weighted  spin  echo  magnetic  resonance  image,  the  lesion  con- 
tains areas  of  high  signal  Intensity  (arrow),  indicating  fatty  content. 


olinium  enhanced  sequence  (MRA)  has  been  used  to  di- 
agnose puhnonary  thromboembolic  disease  and  other  ab- 
normahties  of  the  pulmonary  arteries.''  Pulmonary  MR.A 
provides  accurate  assessment  of  clot  in  the  lobar  and  seg- 
mental pulmonary  arteries  but  is  less  sensitive  in  diagnos- 
ing subsegmental  ck)t.  With  the  state  of  current  technol- 
ogy, multislice  CT  scan  appears  superior  for  imaging  small 
pulmonary  emboli,  and  pulmonary  MRA  can  be  consid- 
ered an  alternative  in  patients  with  renal  failure  or  contrast 
allergies.  Pulmonary  MRl  and  MRA  are  occasionally  used 
to  assess  primary  neoplasms  of  the  pulmonary  arteries  and 
congenital  pulmonary  anomalies  such  as  pulmonary  sling 
(Fig.  3).'" 

Venous  anatomy  is  well  depicted  on  MRI.  The  most 
important  acquired  venous  abnormality  is  superior  vena 
cava  (SVC)  obstruction,  which  is  due  to  either  an  extrinsic 
compression  by  tumor  (usually  lung  cancer  or  lymphoma) 
or  an  intrinsic  process  such  as  catheter-induced  thrombo- 
sis. MRI  is  valuable  to  assess  the  cause,  location,  and 
extent  of  compression  or  obstruction."  Bright  blood  im- 
aging is  useful  to  delineate  the  presence  of  collateral  ves- 
sels (Fig.  4).  MRI  can  also  be  employed  to  define  congen- 
ital venous  variants.  Abnormalities  such  as  a  left  SVC, 
azygos  continuation  of  the  inferior  vena  cava,  and  anom- 
alies of  pulmonary  venous  return  are  also  well  depicted  on 
MRI  (Fig.  5).'- 

Magnetic  Resonance  Imaging  of  Specific 
Thoracic  Regions 

Lung  cancer  remains  the  leading  cause  of  death  from 
cancer  and  has  a  dismal  5-year  survival  rate."  The  tumor 
typically  is  found  initially  on  chest  radiographs,  and  CT  is 
the  principle  cross-sectional  technique  used  to  stage  lung 
cancer.  In  general.  MRI  is  approximately  as  accurate  as 
CT  to  evaluate  the  extent  of  primary  tumor  and  mediasti- 
nal lymph  nodes. '^  However,  because  of  its  higher  cost 
and  lesser  availability,  it  serves  mainly  as  a  problem-solv- 
ing tool  when  CT  results  are  equivocal.  MRI  is  frequontl\ 
used  with  patients  who  have  apical  sulcus  (Pancoasl)  tu- 
mor. These  tumors  often  grow  through  the  lung  apex  and 
may  affect  the  brachial  plexus,  subclavian  vessels,  and 
\  ertebral  bodies.  The  \  ertical  orientation  of  the  lung  apex 
and  superb  soft-tissue  contrast  resolution  of  MRI  make 
this  technique  valuable  for  exaluating  tumors  in  this  ar- 
ea.''^  MRI  may  also  be  worthwhile  to  evaluate  suspected 
\ascular  invasion  by  tumor  because  of  its  ability  to  per- 
form bright  and  dark  blood  imaging  (Fig.  6)."  MRI  is 
occasionally  used  to  assess  indeterminate  nodules  or  pul- 
monary lesions  other  than  lung  cancer,  although  positron 
emission  scanning  has  largely  supplanted  MRI  for  this 
indication.  MRI  may  be  useful  to  delect  subtle  nodules 
near  the  hilum,  because  of  the  anatomic  complexity  ot  this 
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region,  particularly  if  a  contrast-enhanced  CT  cannot  be 

pcrt'ornied. 

Mcdiasiiiial  masses  are  usually  categorized  by  their  lo- 
cation in  the  mediastinum.  Thymoma  and  its  variants,  germ 
coll  tumors  such  as  teratoma  and  lymphoma,  typically  oc- 
cur ill  the  anterior  mediaslinum."'  Duplication  cysts,  esoph- 
ageal lesions,  and  lymphadenopathy  are  common  in  the 
middle  mediastinum,  and  neurogenic  tumors  are  the  most 
common  posterior  mediastinal  lesions."  CT  is  the  main- 
stay of  diagnosis  and  delineates  the  location  and  size  of  the 
lesion.  The  presence  of  fat.  calcium,  or  contrast  enhance- 
ment may  permit  greater  tissue  specificity.  MRl  some- 
times serves  in  a  complementary  role  because  it  may  con- 
tlrm  the  tissue  characteristics  of  a  lesion  identified  on 
CT."*  Mediastinal  fat  is  bright  on  Tl-weighted  images, 
and  most  mediastinal  abnormalities  appear  as  lower  signal 
intensity  masses  within  the  fat.  On  T2-weighted  images, 
mediastinal  lesions  show  variable  signal  intensity.  Certain 
signal  patterns  indicate  specific  lesions.  Teratomas  often 
contain  areas  of  fat  that  arc  manifested  as  areas  of  high 
signal  intensity  within  the  mass  on  T I -weighted  images, 
which  are  identical  to  mediastinal  and  subcutaneous  fat 
(Fig.  7).'"  Cysts  typically  show  very  bright  signal  intensity 
on  T2-weighted  images.""  They  may  also  show  high  signal 
intensity  on  Tl-weighted  images  if  they  contain  hemor- 
rhage or  protein  (Fig.  8).  On  T2-weighted  images,  neuro- 
genic tumors  often  show  high  signal  intensity  peripherally 
and  low  signal  intensity  centrally,  termed  the  "target"  sign.-' 

Pleural  disease  is  usually  evaluated  on  CT.  MRI  is  typ- 
icalh  reser\ed  for  equi\ocal  cases.  A  transudative  pleural 
effusion  usually  shows  low  signal  intensity  on  T1  -weighted 
images  and  high  signal  intensity  on  T2-weighted  images. 
Exudative  or  hemorrhagic  effusions  often  show  high  sig- 
nal intensity  on  Tl-weighted  images.  Loculated  effusions 
may  be  better  defined  on  MRl  than  on  CT.---'  Solid  tu- 
mors are  well  depicted  b\  MRl  .\1R1  may  be  slightly  more 
accurate  than  CT  to  detect  chest  wall  invasion  by  lung 
cancer.'-* 

Mesothelioma  is  a  primary  malignant  tumor  of  the 
pleura  and  has  a  strong  association  with  asbestos  expo- 
sure. The  prognosis  is  grim  and  complete  surgical  resec- 
tion is  the  only  hope  fiir  cure.  An  extrapleural  pneumo- 
nectomy is  the  curative  technique  of  choice,  but  success 
requires  that  the  tissues  beyond  the  parietal  pleura  be  free 
of  tumor.  CT  is  the  standard  imaging  technique  to  assess 
the  extent  of  mesothelioma,  but  MRl  mas  ha\e  an  ad\an- 


Fig.  8.  A  56-year-old  man  with  a  hemorrhagic  bronchogenic  cyst. 
A:  Chest  radiograph  shows  infracarlnal  mass  lesion  (arrowheads). 
B:  Computed  tomography  scan  filmed  on  soft  tissue  windows 
reveals  a  homogeneous  lesion  of  soft  tissue  density.  C:  On  an  axial 
T1  -weighted  spin  echo  magnetic  resonance  image,  a  lesion  of 
uniformly  very  high  signal  intensity  is  present,  consistent  with  a 
hemorrhagic  bronchogenic  cyst. 
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Fig.  9.  A  65-year-old  man  with  malignant  mesothelioma.  A:  Chest 
radiograph  shows  diffusely  thickened  pleura,  with  contraction  of 
the  right  hemithorax.  B:  Computed  tomography  scan  shows  a 
pleural  rind  with  a  lesion  in  the  liver  (arrow).  C;  On  sagittal  T1- 
weighted  spin  echo  magnetic  resonance  imaging,  it  is  apparent 
that  the  liver  lesion  is  due  to  direct  extension  of  tumor  through  the 
diaphragm  (arrow). 


Fig.  1 0.  A  50-year-old  man  with  a  diaphragmatic  herniaaftertrauma. 
A:  Chest  radiograph  shows  apparent  elevation  of  the  left  hemidi- 
aphragm.  B:  Coronal  T1 -weighted  spin  echo  magnetic  resonance 
image  shows  that  abdominal  contents  have  herniated  through  the 
diaphragm  into  the  left  chest  (arrow). 


lagc  in  shDwing  subtle  iinasion  o\'  tlic  chest  wall,  medi- 
asiinuni.  ov  diaphragm  (Fig.  9).-'' 

The  thoracic  inlet  is  an  area  of  complex  anatom\  bridg- 
ing the  neck  and  thorax.-'^  The  brachial  plexus  courses 
through  this  region  and  may  be  involved  by  trauma  or 
tumor.  As  noted  above.  CT  is  usually  acquired  first  in 
patients  with  Pancoast  tumor,  and  MRI  furthers  defines  the 
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Fig.  11.  A  72-year-old  woman  with  a  peridiaphragmatic  lesion.  A: 
Chest  radiograph  shows  a  lesion  that  projects  in  the  right  cardio- 
phrenic  angle  (arrow).  B:  On  a  coronal  11 -weighted  spin  echo 
magnetic  resonance  image,  the  lesion  is  posteriorly  located  and  is 
entirely  above  the  diaphragm.  C:  More  anteriorly,  a  vessel  (arrow) 
extends  into  the  lesion  from  the  aorta,  consistent  with  a  pulmonary 
sequestration. 


extent  of  the  lesion.'^  In  oiher  patients  with  symptoms 
related  to  the  thoiacie  inlet  and  lower  neck.  MRI  is  often 
the  primary   imaging  technique  and  shows  hematoma. 


Fig.  1 2.  Magnetic  resonance  ventilation.  A;  Coronal  He-3-enhanced 
magnetic  resonance  image  in  a  healthy  volunteer  shows  distribu- 
tion of  gas  to  all  lung  regions.  B:  Coronal  He-3-enhanced  mag- 
netic resonance  image  in  a  patient  with  cystic  fibrosis  shows 
multiple  bilateral  upper  lobe  defects  representing  areas  of  ab- 
sent ventilation.  (Cases  courtesy  of  H  Page  McAdams  MD,  De- 
partment of  Radiology,  Duke  University  Medical  Center,  Durham, 
North  Carolina). 


p.seudomeningoccle  from  ner\e  root  a\ulsion.  a  mass  le- 
sion, or  enlarged  l\mph  nodes.  A  brachial  neuritis  may 
manifest  as  enlargement  of  brachial  plexus  components, 
with  hyperintensity  on  IZ-ueighted  images.-*-'' 

The  thyroid  and  parath\  roid  glands  also  occup>  the  tho- 
racic inlet.  Mi>si  thsroid  lesions  \ isuali/ed  on  imaging  are 
multinodular  goiters  and.  pathologically,  are  adenomas. 
Nearly  all  goiters  have  a  connection  to  the  th>roid.  Many 
extend  inferiorly  anterior  to  the  thymus,  but  20'  <  or  more 
protrude  more  posteriorly  adjacent  to  the  trachea.  On  MRI, 
the  normal  th\roid  shows  intermediate  signal  intensity  on 
Tl -weighted  images  and  higher  signal  intensity  on  T2- 
weighted  images.  Thyroid  goiters  usually  have  heteroge- 
neous signal  characteristics.-'^  They  often  contain  colloid 
or  hemorrhagic  c>sts  that  show  high  signal  intensity  on 
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Tl -weighted  images.  Although  MRl  is  a  sensitive  technique 
in  the  diagnosis  ol' thyroid  goiter,  it  usually  cannot  distinguish 
between  benign  and  malignant  thyroid  lesions.  Thus,  it  is 
used  less  frequently  than  CT  or  sonography.  However,  it  may 
pro\e  useful  to  assess  recuirent  thyroid  malignancy.^" 

The  parathyroid  glands  are  found  atljaceni  to  the  thyroid 
gland.  In  patients  with  primary  hyperparathyroidism,  pre- 
operative imaging  is  infrequently  obtained  because  surgi- 
cal excision  is  successful  in  over  W/t  of  patients.  In  the 
10%  of  the  patients  with  ectopic  parathyroid  glands  m 
whom  a  primary  surgical  approach  fails,  most  glands  are 
located  in  the  tracheoesophageal  groose  or  anterior  medi- 
astinum. Imaging  may  assist  in  locating  such  glands,  al- 
lowing successful  re-operation.  On  MRl.  parathyroid  ade- 
nomas are  of  intermediate  signal  intensity  on  Tl -weighted 
images  and  very  high  signal  intensity  on  T2-weighted  imag- 
es.'" A  combination  of  MRl  and  tcchnetium-Wm-metho.xy- 
isobutyl-isonitrile  (Tc-MIBI)  radionuclide  imaging  offers  the 
best  approach  to  locating  ectopic  parathyroid  glands,  with 
sensitivity  and  specificity  of  89%  and  957c.  respecti\ely." 

MRl  is  useful  to  e\aluate  traumatic  and  nontraumatic 
processes  in  the  peridiaphragmatic  region.  Trauma  injury 
to  the  diaphragm  may  prove  a  difficult  diagnostic  chal- 
lenge. Chest  radiographic  findings  such  as  elevation  of  the 
left  hemidiaphragm  are  useful,  but  findings  are  often  non- 
specific.'- CT  scan  may  show  diaphragmatic  injury  but  the 
axial  imaging  plane  may  cause  interpretation  difficulties. 
Thus,  off-axial  reconstructions  are  often  necessary.  MRl  is 
valuable  because  of  its  high  soft  tissue  contrast  resolution 
and  its  ability  to  directly  acquire  images  in  any  plane. 
Generally,  Tl-weighted  images  are  obtained  through  the 
affected  diaphragm  in  both  sagittal  and  coronal  planes 
(Fig.  10).  Breath-hold  Tl-weighted  gradient  images  may 
also  prove  useful.  With  these  sequences,  the  diaphragm 
appears  as  a  low  signal  intensity  curvilinear  structure  sep- 
arating abdominal  and  mediastinal  structures.  The  dia- 
phragm is  difficult  to  identify  adjacent  to  normal  lung  but 
is  visible  next  to  consolidated  lung,  which  is  common  in 
traumatized  patients.  Diaphragm  injury  is  visualized  as  a 
discontinuity  of  the  normal  curvilinear  structure,  with  her- 
niation of  abdominal  contents  into  the  chest.  In  a  study  ot 
16  patients  at  our  institution.  MRl  proved  valuable  when 
CT  findings  were  equivocal.'-' 

MRl  also  depicts  nontraumatic  peridiaphragmatic  pro- 
cesses well  but  is  less  widely  used  for  these  indications. 
Occasionally,  hiatal  or  paraesophageal  hernias  are  inciden- 
tally found  on  MRl.  Ciingenital  hernias,  such  as  anterior 
Morgagni  and  posterior  Biichdaiek  hernias,  can  be  evalu- 
ated by  MRl  if  results  of  other  imaging  studies  are  equiv- 
ocal. The  multiplanar  capability  of  MRl  permits  imaging 
along  the  long  axis  of  the  hernia.  MRl  may  also  be  useful 
to  determine  on  which  side  of  the  diaphragm  a  juxtadia- 
phragmatic  process  is  located,  particularly  if  the  precise 
location  is  uncertain  from  other  studies  (Fig.  1 1).'^ ''' 


Newer  Thoracic  Magnetic  Resonance 
IniuKin^  Techniques 

Of  recently  described  MRl  techniques,  the  most  prom- 
ising appears  to  be  MR  \entilation.  MR  \entilalion  was 
developed  to  overcome  limitations  inherent  in  imaging 
lung  parenchyma,  such  that  only  iiiininial  signal  is  pro- 
tluced.  These  limitations  are  caused  by  scseral  factors,  in- 
cluding low  water  density  in  the  lungs  resulting  in  few  avail- 
able protons  for  MRl,  motion  artifacts  due  to  breathing  and 
other  physiologic  processes,  and  susceptibility  artifacts."' 

MR  ventilation  can  be  performed  with  either  hyperpo- 
larized  gas  or  100%  molecular  oxygen  (oxygen-enhanced 
imaging)  The  hypeipolarized  technique  uses  either  He-3 
or  Xe-129."  The  MR  imager  must  be  modified  with  a 
broadband  radiofrequency  system  and  specialized  radio- 
frequency  coil.  Gradient-echo  images  are  usually  obtained 
using  a  single  breath-hold  after  inhalation  of  polari/ed  gas. 
A  complete  set  of  coronal  images  can  be  acquired  in  less 
than  15  seconds.  "* 

Oxygen-enhanced  imaging  is  a  recently  proposed  tech- 
nique for  MR  ventilation  and  is  based  on  the  premise  that 
an  ultra-high  concentration  of  dissolved  oxygen  in  the  arterial 
blood  can  lead  to  substantially  enhanced  lung  signal.'" 

MR  ventilation  offers  better  spatial  resolution  than  scin- 
tigraphic lung  perfusion  and  obviates  ionizing  radiation. 
The  technique  is  \ery  sensitive  in  showing  perfusion  defects 
caused  by  parenchymal  lung  disease  such  as  cystic  fibrosis, 
bronchiolitis  obliterans  related  to  lung  transplantation,  and 
emphysema  (Fig.  12)."^  The  specificity  of  the  technique  is 
less  certain  and  its  clinical  utility  remains  to  be  defined. 

Another  area  of  in\  estigation  is  the  use  of  contrast  agents 
to  distinguish  benign  from  malignant  mediastinal  lymph 
nodes,  termed  MR  lymphography.  This  technique  requires 
injection  of  superparamagnetic  ultra-small  iron  oxide  par- 
ticles with  imaging  before  and  24-48  hours  after  injec- 
tion. Macrophages  in  the  lymph  node  ingest  the  iron  oxide 
particles,  leading  to  reduced  signal  intensity  in  normal 
lymph  nodes  on  T2-weighted  images.  Malignant  nodes 
have  fewer  macrophages  and  thus  have  less  avid  uptake  of 
the  particles,  leading  to  higher  residual  signal  intensity  on 
T2-weighted  images.^"  A  recent  preliminary  study  in  .^0 
patients  showed  a  sensitivity  of  100'/;  and  specificity  of 
SO'^f  in  distinguishing  benign  from  malignant  mediastinal 
lymph  nodes.  Although  the  data  are  promising,  turther 
work  is  necessary  to  validate  this  technique.^' 

.Summary 

MRl  of  the  thorax  is  a  powerful  tool  that  has  w itnessed 
explosive  development  in  the  last  decade.  Nevertheless,  it 
is  mainly  used  clinically  when  the  results  of  other  tech- 
niques arc  equivocal.  Newer  applications  such  as  those 
described  above  may  yet  expand  the  role  of  thoracic  MRl. 
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Summary 


Sonography  has  inherent  limitations  for  thoracic  imaging  because  sound  waves  are  reflected  by 
bone  and  air  space  (such  as  in  lung  parenchyma).  However,  sonctgraphy  is  less  expensive  and  more 
convenient  than  computed  tomography  (CT)  or  magnetic  resonance  imaging  (MRI);  it  provides 
immediate  information  with  real-time  imaging;  and  it  can  provide  information  not  available  from 
a  standard  radiograph.  This  review  describes  the  utility  and  limitations  of  sonography  and  com- 
pares sonography  to  radiography,  CT,  and  MRI  with  regard  to  diagnosing  pleural,  pulmonary,  and 
aortic  diseases,  including  pneumothorax,  pleural  effusions  and  masses,  hemothorax,  empyema,  consol- 
idated lung,  pneumonia,  pulmonary  abscess,  pulmonary  embolism,  mediastinal  masses,  aortic  dissec- 
tion, aortic  intramural  hematoma,  and  penetrating  aortic  ulcers.  Key  words:  thoracic  s(nu)i;nipli\.  iil- 
trasonographx.  computed  tonioiiniphw  nuii^netic  resonance  wuiging.  [Respir  Care  2001:46(9):932-939] 


Introduction 

Imaging  «t'  the  chest  is  performed  using  multiple  mo- 
dalities, each  of  which  provides  vakiahlc  information  to 
the  diagnosis  and  evaluation  of  cardiopulmonary  disease. 
Though  the  chest  radiograph  is  the  cornerstone  of  thoracic 
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imaging  e\aluation.  advanced  techniques  such  as  com- 
puted tomography  (CT).  magnetic  resonance  imaging 
(MRI).  and  ultrasonography  provide  useful  information 
that  cannot  be  ascertained  by  the  standard  radiograph. 

Presently  in  the  United  States,  ultrasonography  is  under- 
utilized for  imaging  chest  disease  because  of  the  general 
a\  ailability  of  CT.  the  ease  of  interpreting  CT  images,  and 
the  inherent  linutations  of  ultrasound.  Hiiwever.  ultrasound 
offers  several  important  advantages  over  CT  and  MRI  for 
the  evaluation  of  chest  disease.  L'ltrasound  is  portable  and 
flexible,  and  sonographic  images  are  immediately  acces- 
sible for  evaluation  of  critically  ill  patients  needing  rapid 
bedside  examination.  Ev  aluation  of  \  ascularity  and  perfu- 
sion is  possible  by  use  of  color  doppler.  Patients  can  be 
easily  evaluated  in  multiple  positions  without  the  need  ot 
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bed  transfers  needed  for  CT  or  MRI.  and  there  are  no 
restrictions  in  imaging  planes.  I'ltrasonoeraphy  is  rela- 
tively inexpensive,  compared  lo  CT  and  MRI,  and  (here  is 
no  ioni/ing  radiation  exposure.  Last,  unlike  CT  and  MRI, 
the  real-time  nature  of  ultrasound  allows  superior  evalua- 
tion of  nun  ing  structures  such  as  the  heart,  and,  in  com- 
bination with  color  tlow  and  duplex  imaging,  physiologic 
information  regarding  wall  motion  and  valve  patency  can 
he  obtained. 

The  2  key  limiting  factors  prohibiting  sonographic  eval- 
uation of  the  chest  are  ba.sed  on  the  physical  limitations  of 
the  ultrasound  beam.  First,  air  limits  progression  of  the 
sound  waves  by  reflecting  the  beam  at  the  interface  be- 
tween the  aerated  lung  parenchyma  and  consolidated  lung 
or  the  overly  ing  pleural  surface.  -Second,  the  bones  of  the 
thorax  absorb  the  sound  waves,  preventing  propagation  to 
the  underlying  tissues  and  thus  limiting  the  ultrasound 
window.  This  review  brietly  examines  the  uses,  indica- 
tions, benefits,  and  limitations  of  chest  sonography.'  ■* 

Technique 

Advances  in  sonographic  technology  have  increased  the 
ability  to  e\  aluate  chest  disease.  Presently,  high-frequency 
(5-7.5  MH/)  linear  array  transducers  using  small  parts 
algorithms  are  used  for  evaluating  chest  wall  masses  and 
adenopathy.  Pleura  and  lung  are  generally  best  imaged  by 
the  use  of  a  3.5-5  MH/,  sector  or  phased  array  probe  w  ith 
a  small  footprint  that  facilitates  positioning  between  ribs. 
Transesophageal  echosonography  is  used  primarily  for  the 
evaluation  of  cardiac  disease;  however,  mediastinal  dis- 
ease, especially  aortic  disease,  can  be  well  evaluated  and 
followed  with  the  multiplanar  transesophageal  appriiach. 
with  3.5-7  MH/  frequencies.  Further  advances  in  technol- 
ogy and  development  of  hand-held  portable  scanners  have 
increased  the  ability  to  rapidly  examine  patients  in  the 
trauma  setting  as  resuscitation  is  ongoing,  without  hinder- 
ing the  resuscitation  procedure. 


Pleural  Diseases 


Fneumuthurax 


Pneumothoraces  coinmonly  occur  spontaneously  after 
blunt  or  penetrating  chest  trauma  as  a  complication  ot 
mechanical  ventilation,  or  as  a  complication  of  procedures 
such  as  line  placement,  thoracentesis,  or  biopsy.  Chest 
radiography  is  usually  easily  obtainable  and  diagnostic; 
however,  small  to  moderate  pneumothoraces  may  be  missed 
because  of  the  limitations  of  anteroposterior  portable  chest 
radiograph.  Early  detection  of  pneumothorax  may  prevent 
progression  into  life-threatennig  pneumothoraces. 


Using  ultrasonography,  real-time  respiratory  movements 
can  be  evaluated  with  observation  of  the  hyperechoic  vis- 
ceral pleura  interface  and  the  "comet  tail"  reverberation 
artifact  produced  by  aerated  lung  at  (his  interface.  With  a 
pneumothorax,  air  within  the  pleural  space  hinders  prop- 
agation ol  the  sound  waves  and  thereby  prevents  the  comet 
tail  artifacts.  Another  useful  sign  of  pneumothorax  is  the 
loss  of  normal  lung  sliding  (breath-related  movement  of 
the  visceral  pleura)  or  the  appearance  ol  the  "lung  point." 
a  specific  described  sign  of  pneuinothorax."'-'" 

Pleural  KtTusion.  ileniothorax.  and  Knipyema 

The  pleura  is  seen  on  ultrasound  as  an  cchogcnic  layer 
measuring  up  to  2  mm  thick.  The  pleural  layers  in  a  nor- 
mal patient  may  not  be  easily  discerned;  however,  with 
increase  in  lluid  between  the  layers  or  disease  of  the  pleura 
itself,  ultrasound  can  differentiate  the  visceral  from  the 
parietal  pleura. 

Increased  pleural  fluid  occurs  secondary  to  increased 
hydrostatic  forces  (congestive  heart  failure),  decreased  on- 
cotic pressure  (hypoproteinemia),  decreased  lymphatic 
drainage  (tumor  or  fibrosis),  increased  permeability  of  the 
capillaries(innammationormalignancy)."'- Effusions  oc- 
cur as  either  transudates  (which  are  often  bilateral  and 
most  commonly  due  to  hypoproteinemia.  congestive  heart 
failure,  or  hypothyroidism)  or  exudates  (most  commonly 
associated  with  malignancy,  bacterial  pneumonia,  or  con- 
nective tissue  disorders).  On  lateral  chest  or  decubitus  ra- 
diographs as  little  as  5  mL  of  pleural  fluid  can  be  identi- 
fied; however,  frontal  chest  radiographs  especially  supine 
portable  chest  radiographs,  are  not  nearly  as  sensitive.  Ul- 
trasound is  more  sensitive  at  detecting  smaller  effusions 
(as  little  as  3-5  mL)  than  upright  frontal  radiographs,  pro- 
vides useful  information  on  the  nature  of  the  fluid,  and 
allows  guidance  for  thoracentesis  or  placement  of  pleural 
drains.  Pleural  hemorrhage,  empyema,  pleura-based 
masses,  and  hemothorax  can  also  be  evaluated  with  the  use 
of  ultrasound. 

By  ultrasound,  a  pleural  effusion  appears  as  a  hypo- 
echoic  /one  that  changes  shape  with  respiratory  move- 
ments (Fig.  1).  Pleural  fluid  can  be  differentiated  from 
pericardial  fluid  by  its  relationship  to  the  descending  tho- 
racic aorta.  Pleural  fluid  is  visualized  posterior  to  the  de- 
scending aorta,  whereas  pericardial  lluid  is  seen  anterior  to 
the  descending  aorta.  An  area  of  hyperechoic,  consoli- 
dated lung  is  often  seen  with  larger  pleural  effusions.  These 
areas  of  lung  are  often  mobile  within  the  lluid.  and  on 
real-time  imaging  consolidated  lung  can  be  seen  moving 
within  the  effusion.  Internal  echoes  within  the  fluid  are 
usuallv  associated  with  exudates  and  represent  protein, 
fibrin,  or  cells  and  arc  frequently  associated  with  septa- 
tions  and  loculation.  Infected  effusions  generally  follow  an 
evolutionary  ci)urse  beginning  with  pleuritis  identified  by 
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Fig.  1.  Sagittal  sonogram  of  right-sided  serous  pleural  effusion. 
The  hypoechoic  fluid  (black)  outlines  two  areas  (arrow  and  L)  of 
atelectatic  lung. 


Most  benign  sterile  effusions  do  not  require  drainage 
unless  there  is  associated  respiratory  compromise:  how- 
L'\er.  empyemas,  recurrent  effusions,  malignant  effusions, 
ami  moderate  to  large  hemothoraces  frequently  require 
drainage  to  a\():d  associated  sequelae.  Unexplained  pneu- 
mollioraces  require  thoracentesis  for  cytologic  evaluation 
and  are  trci|ucnlly  seen  associated  with  undiagnosed  ma- 
lignancy or  connective  tissue  disorders.  Along  with  the 
placement  of  drainage  catheters,  intracavitary  fibrinolytics 
are  frequently  used  to  dissohe  fibrinous  debris  causing 
fibrous  loculations  and  obstructing  small  bore  drainage 
catheters.  Malignant  effusions  account  for  nearly  507f  of 
exudative  effusions  and  are  most  frequently  associated  with 
lung,  breast,  and  gastrointestinal  carcinomas,  as  well  as 
lymphoma.  Most  malignant  effusions  are  free-flowing,  may 
be  large,  and  generally  recur  following  drainage.  For  pa- 
tients u  ith  life  expectancies  greater  than  one  month,  pleu- 
rectomy  or  pleurodesis  is  indicated. ■'■^■'-■'''•''''-' 


pleural  thickening  with  an  interrupted  pleural  line  and  in- 
creased vascularity  identified  on  doppler  imaging.  An  early 
exudative  stage  then  appears,  with  a  hypoechoic  or  heter- 
ogeneous effusion.  As  a  more  complicated  effusion  evolves, 
fibrin  begins  to  deposit  and  loculations  begin  to  form  (Fig. 
2).  Finally,  in  the  empyema  stage,  thick  fibrin  deposits 
form  pleural  peels."  '^ 

Hemothorax  is  often  seen  in  patients  with  underlying 
lung  or  pleural  malignancy  and  also  in  patients  sustaining 
chest  trauma.  Complications  of  hemothorax  include  em- 
pyema formation,  calcified  fibrothorax.  and  constrictive 
pleural  fibrosis.  Echogenic  collections  are  seen  on  ultra- 
sound'" and  differentiation  from  other  exudates,  chylotho- 
ra.x,  or  emp>ema  is  not  possible  without  thoracentesis.  As 
with  the  detection  of  pneumothoraces,  portable  trauma  ul- 
trasound of  the  pleura  during  resuscitation  of  trauma  pa- 
tients is  gaining  acceptance  as  a  sensitive,  specific,  and 
rapid  complement  to  portable  chest  radiography."  '" 

As  stated  above,  ultrasound  is  useful  ui  confirming  the 
presence  of  and  evaluating  the  pleinai  fluid.  Further  ad- 
vantages of  ultrasound  offer  guidance  for  thoracentesis. 
Ultrasound-guided  thoracentesis  has  lower  complication 
rates  than  CT  guidance  and  nonguided  approaches,  with  a 
reported  pneumothorax  incidence  o\'()-y/(.  It  is  associated 
with  lower  costs  and  easier  accessibility  than  CT.  while 
offering  the  advantages  of  real-time  visualization  of  the 
effusion,  lungs,  and  vascular  structures,  improving  the  ef- 
ficacy of  tube  position  by  placement  into  specific  locula- 
tions. with  associated  increases  in  therapeutic  success  (67- 
88%  for  complex  collections),  and  allowing  a  multiplanar 
approach  that  requires  less  patient  cooperation  and  makes 
liuidance  easier  with  real-time  visualization  of  the  needle  tip. 


Pleural  Masses 

Pleural  tumors  are  generally  well  defined  solid  nodular 
lesions  located  on  the  visceral  or  parietal  pleura.  Differ- 
entiation of  small  pleural  effusions  from  pleural  thicken- 
ing, scar,  or  small  nodule  can  be  difficult:  however,  with 
color  doppler  images,  signal  can  be  seen  within  the  fluid 
during  respiratory  and  cardiac  movements,  helping  differ- 
entiate these  entities.  Pleural  thickening  is  seen  as  focal 
echogenicity  (>  3  mm)  with  irregularity  of  the  margins 
arising  from  the  visceral  or  parietal  pleura. 

Pleural  calcifications  are  comiuonly  encountered  with 
pleural  sonography.  Common  causes  are  infection,  espe- 


Fig.  2.  Sagittal  image  demonstrating  a  complex  effusion.  The  pres- 
ence of  septations  (arrows)  within  the  effusion  indicates  loculation 
that  tends  to  occur  with  resolving  hemothorax  or  empyema. 
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cially  tuberculous.  olJ  liomolhoiax.  aiul  asbestos-relatcil 
pneuiiHK'dniosis.  I'lciiial  |ikn.|iios  arc  trci|ucnll\  associated 
with  asbestos  c\posiMC  aiul  arc  seen  as  local  areas  ol  pleu- 
lal  ihickeniii!:  up  to  111  mm  ami  rarcls  c\lcnilm;j  lor  more 
than  4  rih  inlerspaees.  There  is  siroiii;  association  uiili 
maligiiani  iiicsoihelioma.  especially  in  the  tobacco-smok- 
ing population.  These  plaques  are  best  evaluated  with  (1 ; 
hov\c\cr.  guidance  tor  biopsy  can  be  niaile  by  iiltrasouiui, 
v\ith  the  ad\anlagcs  previously  describetl.  Pleural  iiielas- 
tases  (bronchogenic,  breast,  gastrointesiin.il.  kulne\,  and 
ovarian  carcinomas)  make  up  the  l'ret|iieiitlN  seen  malig- 
nancies in\ol\ ing  the  pleura.  Imaging  of  pleural  metasta- 
ses is  not  frequently  seen  becau.se  of  their  small  size  (usu- 
ally <  1  cm):  however,  they  can  grow  into  large  masses 
with  heterogeneous  echogenicity,  may  invade  the  chest 
wall,  and  are  frequently  associated  vv  iih  malignant  pleural 
effiisions.5-''-2» 

Pulmonary  Disease 

Consolidated  Liin^Pneumonia  and  Pulmonary 
Abscess 

Chest  radiographs  remain  the  primary  diagnostic  mo- 
dality and  are  substantially  more  sensitive  than  ultrasountl 
in  the  diagnosis  of  pneumonia.  As  previously  discussed. 
ultrasound  evaluation  of  lung  parenchyma  is  limited  hv 
aeration  of  normal  lung:  however,  ultrasound  can  help 
identify  the  etiok)gy  of  pulmonary  consolidation  when  the 
involved  lung  extends  up  to  the  pleural  surface,  and  it  is 
useful  in  differentiating  complex  pleural  disease  from  pa- 
renchy  mal  disease. 

Early  pneumonia  is  characterized  by  congested  lung  with 
hyperechoic  homogenous  echogenicity  and  irregular,  bi- 
zarre shapes  vv  ith  blurred  margins,  and  is  frequently  asso- 
ciated with  air  bronchogram  (nonpulsatile  linear  echoes 
with  or  without  comet  tail  reverberation  artifacts)  or  fluid 
bronchogram  (anechoic  tubular  structures  corresponding 
to  lluid-filled  bronchi  as  a  result  of  bronchial  obstruction 
by  secretions).  Based  on  these  findings,  dilfeientiation  from 
pulmonary  embolism/infarction  and  malignancy  is  possi- 
ble, as  these  entities  generally  have  segmental  or  round, 
more  regular  shapes  and  less  accentuated  air  bronchograms. 
Further  ditferentialion  can  be  made  with  use  of  color  flopp- 
ier sonography.  Progression  of  pneumonia  demonstrates 
increased  inhomogeneity  of  the  affected  lung,  with  in- 
creased air  interface  artifacts.  As  bacterial  pneumonias 
progress,  pulmonary  abscesses  can  be  seen  on  ultrasound 
as  round  or  oval,  mostly  echogenic  lesions.  Iiet|ueiitlv  con- 
taining air  artifacts.-' 

Pulmonary  Embolism 

Presently,  nuclear  medicine  scintigraphv  and  helical  CT 
angiogram  are  the  standard  modalities  lor  evaluating  sus- 


pected pulmonarv  emboli:  however,  unexpected  pulmo- 
iiarv  emboli  are  probablv  a  common  entity  contributing  to 
morbklilv  rilrasouiul  findings  have  been  described,  and 
several  iccciii  studies  h.ive  indicated  that  ultrasonography 
may  be  beneficial  in  the  evaluation  for  pulmonary  embo- 
lus, especially  when  the  other  modalities  are  inconclusive. 
Shortly  after  an  embolic  occlusion,  there  is  infiltration 
of  the  lung  inlersiiiium,  producing  consolidation  and  pro- 
viding a  sonograjihic  window.  These  areas  are  generally 
pleura-based  and  wedge-shaped.  Initially  the  regions  are 
hypoechoic.  homogeneous,  and  less  distinct.  As  the  occlu- 
sion progresses  to  lung  infarct,  the  border  becomes  more 
sharp  and  tlistinct.  with  the  center  becoming  hyperechoic. 
.Several  simlies  have  siateil  the  sensitivity  is  between  77% 
and  MS'r  ami  have  suggesietl  ultrasound  become  part  of 
llie  diagnostic  algorithm  lor  evaluation  of  suspecleil  pul- 
monarv embolus.  Color  tloppler  sonography  mav  be  useful 
in  discerning  pneumonia  from  pulmonary  infarction  by 
identifying  decreased  blood  flow  to  the  affected  seg- 
ments.-■-'--■' 

Lun^  and  Mediastinal  Masses 

As  Willi  the  other  parenchymal  manifestations,  ultra- 
sou  ml  of  pulmonary  masses  is  limited;  however,  sonogra- 
phy can  be  useful  in  further  characterizing  peripheral  lung 
tumors  ami  allows  guidance  for  transthoracic  biopsy.  Ul- 
trasound is  also  verv  useful  in  the  characterization  of  per- 
idiaphragmatic  lesions,  which  are  difficult  to  evaluate  based 
t)n  axial  CT  ami  plain  chest  radiograph.  Ultrasound  can 
give  valuable  infonnation  regarding  pleural  and  chest  wall 
extension  of  lesions  (Figs.  ?>  and  4)  and  prov  ides  a  useful 
tool  in  evaluation  of  suspected  obstructing  masses  that 
cannot  be  clearly  differentiated  from  pneumonitis  on  CT. 

Ultrasound  guidance  is  frequently  used  for  transthoracic 
biopsy  and  is  superior  to  C T  when  the  lesion  can  be  vi- 
sualized. First,  the  examination  is  faster  than  CT  and  can 
be  performed  at  the  patient's  bedside.  Second,  fewer  com- 
plications are  associated  vv  ith  ultrasound  guiilance.  Third, 
real-time  visualization  is  possible,  allowing  a  higher  per- 
centage of  diagnostic  results  because  ol  improve^l  target- 
ing vv  iihin  the  suspected  lesion.  Finally,  a  multiplanar  ap- 
proach allows  flexibility  in  targeting  a  lesion  and  in 
compensating  for  difficulties  with  the  patient,  such  as  tachy- 
pnea, patient  positioning,  or  immobile  patients.  With  the 
use  of  transesophageal  probes,  mediastinal  masses  can  be 
evaluateil  ami  biopsied  for  histologic  diagnosis.'---'^ -' 

Diseases  of  the  .Aorta 

Ultrasomigraphy  has  proven  v.iluable  in  the  ev.iluation 
of  disea.ses  of  the  aorta,  such  as  aortic  dissection  ami  the 
atypical  variants  of  dissection.-'^  ''  The  preferreil  modal- 
ities for  evaluation  of  the  aorta  are  aortography.  CT.  and 
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Fig.  3.  Transverse  ultrasound  Image  (A)  and  the  corresponding 
computed  tomography  image  (B)  of  a  pleural  based  mass.  Such 
lesions  are  easily  biopsied  under  direct  ultrasound  guidance. 


MRI.  but  these  are  not  always  feasible,  and  all  three  re- 
quire transporting  the  patient  to  perform  the  test.  Aortog- 
raphy is  the  accepted  standard,  but  it  is  an  invasive  pro- 
cedure requiring  a  fully  functioning  cardiac  catheterization 
lab.  It  carries  risks  because  it  is  invasive,  as  well  as  the 
risks  associated  with  any  examination  requiring  contrast. 
MRI  is  beginning  to  be  thought  of  as  the  most  accurate 
method  for  aortic  evaluation  (nearly  l(K)7r).  but  is  expen- 
sive, time-consuming,  and  requires  patient  immobility.  Also 
many  patients  ha\e  metallic  valves  or  implants  (eg.  pace- 
makers, defibrillators)  that  prohibit  the  use  of  MRI.  CT  is 
less  time-consuming  than  MRI,  but  requires  intravascular 
contrast.-**"'' 

Transesophageal  echocardiography  has  pro\  en  to  be  ac- 
curate and  safe  and  can  be  done  portably  in  approximately 
15  minutes.  It  requires  no  intravascular  access  for  contrast 
injection,  and  there  is  nt)  dela\  for  post-acquisition  image 
processing.  Using  the  multiplanar  probe,  transesophageal 


echocardiography  is  used  to  fully  evaluate  the  descending 
aorta  from  diaphragm  to  arch.  Evaluation  of  the  aortic  root 
and  proximal  ascending  aorta  is  a  routine  part  of  a  stan- 
dard transthoracic  echocardiographic  examination.  How- 
ever, transthoracic  echocardiography  is  inadequate  for  aor- 
tic evaluation  beyond  the  proximal  ascending  because  of 
overlying  or  adjacent  air-filled  structures  as  well  as  the 
greater  penetration  depth  that  must  be  obtained.  Trans- 
esophageal echocardiography  allows  for  use  of  a  higher 
frequency  and  therefore  provides  better  resolution  than 
transthoracic  imaging.  A  standard  echocardiographic  ex- 
amination is  also  performed  in  addition  to  an  aortic  survey, 
which  gives  information  on  coronary  invohement  of  the 
dissection  as  well  as  subsequent  aortic  insufficiency.  Nei- 
ther CT  nor  MRI  can  give  information  on  these  ver\  im- 
portant considerations  when  deleniiining  management  of 
these  patients.-'*  '" 

Aortic  Dissection 

The  most  comnn)n  abnormality  of  the  aorta  is  dilation. 
Hypertension  is  the  most  common  reason  for  aortic  dila- 
tion, but  it  also  occurs  in  a  wide  variety  of  other  disease 
states,  such  as  atherosclerosis,  post-stenotic  dilation. 
Marfan  syndrome,  and  other  connective  tissue  disorders. 
Aneurysms  (large  areas  of  dilation)  can  invohe  the  aorta 
at  any  location,  and  can  lead  to  life-threatening  rupture  or 
dissection.  Classic  aortic  dissection  occurs  when  the  in- 
tima  and  media  of  a  vessel  begin  to  separate  and  form 
another  lumen  between  these  2  layers,  called  a  false  lu- 
men. These  false  lumens  have  a  high  risk  of  limiting  blood 
supply  to  organs  by  impinging  on  the  true  lumen,  ruptur- 
ing, and  or  thrombosing  (Figs.  5  and  6).-'*-''^ 


Fig.  4.  A  cystic  chest  wall  mass  is  demonstrated  on  a  sagittal 
ultrasound  image.  It  was  not  clear  whether  this  mass  was  invading 
the  pleura,  but  on  real  time  imaging  the  pleura  could  be  seen  to  be 
moving  separately  from  the  mass. 
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Fig.  5.  Transesophageal  echocardiogram  transverse  section  of  the 
descending  thoracic  aorta  (A),  with  intimai  dissection  flap  (arrow). 
(Image  courtesy  of  University  of  Washington  Medical  Center,  De- 
partment of  Echocardiography.) 


TranseMiphat;c;il  echocardiography  has  a  97"^  sensitiv- 
ity and  a  98''r  specificity  for  detection  of  intimai  dissec- 
tion flaps.-  Dissection  flaps  appear  as  a  linear,  echogenic 
siriicture  within  the  lumen  of  the  aorta.  Ultrasound  arti- 
facts such  as  re\erberation  can  cause  linear  echoes  within 
the  aorta  that  can  be  mistaken  for  an  intimai  flap.  For  this 
reason,  to  distinguish  a  true  dissection  from  an  echo  arti- 
fact, the  linear  flap  must  be  identified  in  more  than  one 
view,  and  must  show  motion  independent  from  the  aorta. 
Color  flow  may  be  seen  between  the  false  lumen  and  the 
true  lumen,  with  turbulent  flow  in  between.  Color  doppler 
can  be  used  to  define  the  entry  site  of  the  intimai  tear. 
DeBakey's  classification  names  the  types  of  dissections  by 
the  location  of  the  intimai  tear  (entry  site)  along  the  aorta. 
Type  1  originate  in  the  ascending  aorta  and  extend  past  the 
origin  of  the  left  subcla\ian  artery.  Type  2  are  confined  to 
the  ascending  aorta,  and  Type  3  ha\e  origins  distal  to  the 
left  subclavian  artery.-'*-'*' 

.Xortic  Intramural  lletnatonia 

Aortic  intramural  hematoma  is  an  atypical  variant  of 
classic  aortic  dissection,  characterized  by  a  hemorrhage  of 
the  aortic  vasa  vasorum  into  the  aortic  wall,  which  leads  to 
a  false  channel  created  in  the  absence  of  an  intimai  tear. 
There  is  recent  documentation  of  cases  where  aortic  intra- 
mural hematoma  progressed  to  classic  aortic  dissection. 
Because  of  this,  there  is  speculation  that  aortic  intramural 
hematoma  may  be  a  common  intermediate  step  in  the  de- 
velopment of  classic  dissection,  with  a  high  risk  of  pro- 
gression and/or  rupture. ''•■'-••'■*-''* 

Echocardiographic  characteristics  of  aortic  intramural 
hematoma  include  circular  or  crescentic  thickening  of  the 
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Fig.  6.  A;  Transesophageal  echocardiogram  transverse  section  at 
the  level  of  the  aortic  root,  showing  an  aortic  dissection  with  ser- 
piginous intimai  flap  with  extraluminal  blood  within  the  false  lu- 
men. Arrow  points  to  dissection  flap.  B:  Mid-esophageal  long  axis 
transesophageal  echocardiogram  demonstrating  prolapse  of  aor- 
tic dissection  flap  (large  arrow)  through  the  aortic  valve  in  diastole 
with  obstruction  of  valve  coaptation.  A  =  aorta.  LA  =  left  atrium. 
V  =  ventricle.  Small  arrows  point  to  aortic  valves. 


aortic  wall,  w ith  no  e\ idence  of  diippler  flow  w  ithin  this 
area.  This  thickened  wall  exhibits  a  hypoechoic.  throm- 
bus-like echo  pattern  w  ith  a  layered  appearance.  A  circular 
lumen  is  maintained  and  echolucent  areas  within  the  thick- 
ened wall  may  be  seen. '■*-"•■"* 

Penetrating;  Aortic  I'lcers 

Transesophageal  echocardiography  provides  high  reso- 
lution images  of  the  interface  between  the  intima  and  the 
lumen  of  the  aorta.  This  allows  tVir  information  to  be  ob- 
tained about  the  morphology  and  characteristics  of  athero- 
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Fig.  7.  A:  Transesophageal  echocardiogram  transverse  section  of 
the  descending  thoracic  aorta  (A)  with  a  calcified  atheromatous 
plaque  at  the  posterior  aspect  (large  arrow).  Postehor  acoustic 
shadowing  is  demonstrated.  At  the  lateral  margin  is  a  hypoechoic 
extraluminal  hematoma.  Small  arrow  points  to  rupture.  B:  Flow 
(arrow)  from  the  aortic  perforation  into  periaortic  hematoma.  (Im- 
ages courtesy  of  University  of  Washington  Medical  Center,  De- 
partment of  Echocardiography.) 

sclerotic  plaques  in  the  aorta.  Transesophageal  eehocardi- 
ography  can  provide  some  insight  when  estimating  the  risk 
of  systemic  embolization  by  looking  at  the  thickness,  sur- 
face ulcerations,  mobility,  and  presence  of  calcium  within 
the  plaque.  This  information  can  help  guide  the  clinician  in 
determining  the  need  tor  anticoagulation  by  evaluating  the 
complexity  of  the  plaque.  The  highest  risk  atheromas  are 
thick,  hypoechoic,  noncalcified  plaques  found  in  the  aortic 
arch.-"-*-''"'  ■»" 

Penetrating  aortic  ulcer  is  similar  to  aortic  intramural 
hematoma  in  that  it  is  also  a  variant  of  classic  aortic  dis- 
section and  there  is  no  inlimal  tear  in\()l\ cd.  Possible  com- 
plications are  also  similar,  including  rupture  (Fig.  7),  an- 
eurysm, pseudoancurysm.  and  dissection.  Penetrating  aortic 
ulcer  ma\  lead  to  aortic  intramural  hematoma,  but  the  true 
relationship  between  the  Ivvo  is  not  vsell  dclined.  The  main 
distinguishing  feature  is  that  doppler  flow  paiierns  should 


be  observed  within  a  penetrating  ulcer.  As  stated  above, 
doppler  How  should  not  be  delected  within  an  aortic  in- 
tramural hematoma.  Transesophageal  echocardiography 
can  help  to  distinguish  between  aortic  intramural  hema- 
toma and  penetrating  aortic  ulcer,  as  well  as  help  to  char- 
acterize the  stability  of  the  plaque.  Also,  transesophageal 
echocardiography  can  determine  if  the  plaque  has  caused 
a  rupture  within  the  wall  ot  the  aorta,  in  which  case  ex- 
travasation of  blood  from  the  aorta  would  be  identifi- 
able.-"'«  4(1 

Infection  tends  to  occur  at  regions  w  here  diseased  tissue 
exists,  such  as  atherosclerotic  plaques.  These  plaques  can 
form  mycotic  aneurysms,  which  may  lead  to  rupture.  In 
cases  where  endocarditis  or  other  infectious  processes  are 
present,  this  should  be  a  concern.  Echocardiographic  find- 
ings are  not  specific  for  the  diagnosis  of  a  mycotic  aneu- 
rysm and  must  also  be  based  on  laboratory  results  and  the 
clinical  picture.-"'*-*" 

Summary 

Though  sonography  has  certain  limitations  for  thoracic 
imaging,  it  also  has  advantages  over  CT  and  MRI  for 
certain  diagnosis  and  treatment  procedures,  and  its  clinical 
utility  may  increase  with  future  technical  advances. 
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Single-Photon  Emission  Tomography  Imaging  of  the  Chest 

David  H  Lewis  MD.  Brian  Kott  MD.  and  Arnold  F  Jacobson  MD  PhD 


Introduction 

Pulmonar>    Thromboemholic  Disease 

Quantitati\e  l.un^  Scintif;raph> 

Ima^in^  of  Receptors  With  Single-Photon  Emission  Tomography 

Summary 


We  review  single-photon  emission  computed  tomography  (SPECT)  of  the  chest  for  practical  ap- 
plications that  may  be  used  by  pulmonary  disease  specialists.  First,  we  cover  SPECT  uses  in 
pulmonary  thromboembolic  disease.  Second,  SPECT's  applications  in  quantitative  evaluation  of  the 
lung  are  reviewed,  with  special  emphasis  on  lung  volume  reduction  surgery.  Finally,  we  consider  the 
use  of  SPECT  to  characterize  somatostatin  receptors  in  lung  masses.  The  role  of  SPECT  will  always 
be  compared  to  the  ever-advancing  place  of  positron  emission  tomography  chest  imaging  for 
patients  with  pulmonary  disease.  We  believe  that  SPECT  will  continue  to  help  pulmonary  special- 
ists take  care  of  their  patients  in  the  years  to  come.  Key  words:  nuclear  medicine.  single-pluHon 
emission  tonio,i;ruphy.  SPECT.  perfusion,  venlilation.  pulmonary  embolism,  lung  volume  reduction  sur- 
gery, minors,  scmuitostatin  receptors.   [Respir  Care  2001;46(9):940-945] 


Introduction 


Pulmonary  Thromboembolic  Disease 


Nuclear  medicine  techniques  of  imaging  the  chest  have 
undergone  a  revolution  in  the  last  decade,  as  radiophar- 
maceuticals and  imaging  equipment  have  diversified  and 
improved.  The  advent  of  chnical  positron  emission  tomog- 
raphy (PET)  as  a  tool  to  investigate  cancer  has  been  one  of 
the  most  important  developments.  Nevertheless,  single- 
photon  emission  computed  tomography  (SPECT)  has  also 
seen  impressive  improvements  and  changes.  Herein  we 
address  imaging  of  pulmonary  thromboembolic  disease, 
pulmonary  perfusion  imaging  in  advance  of  lung  volume 
reduction  surgery  (LVRS).  and  SPECT  imaging  of  soma- 
tostatin receptors. 
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Planar  ventilation/perfusion  (V/Q)  lung  scanning  using 
Xe-133  gas  or  technetium  (Tc-99m)  diethylenetriamine- 
pentaacetic  acid  (DTPA)  aerosol  for  ventilation  images 
and  Tc-99m  macroagreggated  albumin  for  perfusion  im- 
ages has  been  used  for  decades  in  the  assessment  of  pa- 
tients with  suspected  pulmonary  thromboembolism.  The 
image  that  shows  intact  ventilation  with  mismatched  per- 
fusion defects  that  are  segmental  and  in  at  least  2  lung 
segments  is  the  pathophysiologic  hallmark  of  pulmonary 
thromboembolism  and  renders  a  diagnosis  of  high  proba- 
bility of  pulmonary  embolism.  Although  highly  diagnos- 
tic and  prognostic  for  a  number  of  interpretive  catego- 
ries (especially  for  normal,  high  probability,  and  low 
probability  with  low  pre-test  probability),  the  test  suf- 
fers inadequate  sensitivity  and  specificity  for  pulmo- 
nary thromboembolism  in  the  intermediate  probability 
category  and  in  the  low  probability  category  with  a  high 
pre-test  probability  from  the  clinical  viewpoint.'-  Thus, 
attempts  at  reducing  nondiagnostic  studies  are  well  worth 
investigating. 

The  advent  of  contrast  helical  CT  angiography  has 
brought  into  discussion  the  proper  algorithm  for  evaluat- 
ing patients  suspected  of  having  pulmonary  thromboem- 
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holiMli.'  V\cll  ilcspjiit'il  i.lini(.-.il  lUilcomi.-  siuilu's  i.'\alii.il 
iiii:  the  use  ot  spuiil  C  1  and  luiii;  Sl'l^t'  1'  lor  pulmoiuiiA 
ihronibocnihi>lisin  arc  clearly  nccilcil.  whereas  there  arc 
alrcatlN  in  the  litcratiiic  a  ninnlier  of  articles  in  reference  Id 
the  stroni!  prognostic  niiportancc  of  various  categories  of 
V/Q  planar  knig  scan  interpretation.'  '^ 

SPECT  ol  lung  pertusion  aiul  \entilalion  requires  to- 
mographic aci.|uisiiion  ot  both  \entilation  pert'ornictl  \\  ith 
inhaled  Tc-'-fMtn-laheled  aerosols  (such  as  Ic-Wni  IJiPAl 
and  perfusion  |ierformed  with  MUra\enous  Tc-99m  mac- 
roagreggated  alhumin.  This  stud\  is  iilealls  perfornied  with 
a  multi-deteclor  gamma  camera  (2  or  3  iletector  heads),  so 
that  the  scanning  can  be  expeditiously  performed  with 
both  comfort  lor  the  patient  and  accuracy  in  the  rendering 
of  image  inltirmalion. 

Corbus  et  al  reported  on  sequential  ventilation  and  per- 
fusion SPECT  lung  scanning  in  ys.'>  consecutive  subjects 
wht)  had  adequate  tollow-up  at  .^  months  in  91'/i  of  the 
subjects.**  Evidence  or  absence  of  pulmonary  thromboem- 
bolism at  3  months  v\as  based  on  clinical  characteristics, 
without  performance  of  pulmonary  angiography  in  9(i'/f  of 
patients.  The  breakdown  of  scan  interpretations  were  as 
follows:  high  probability  l4'/(.  intermediate  probability 
4%.  and  low  probability  829r.  The  reported  sensiti\  ity  and 
specificity  of  lung  SPECT  based  on  clinical  outcome  were 
SS'/r  (taking  both  high  and  intermediate  categories  as  pos- 
itive tests)  and  92' r.  respectively.  In  contrast,  the  corre- 
sponding numbers  from  the  Prospective  Investigation  of 
Pulmonary  Embolism  Diagnosis  (PIOPED)  study'  were 
829^  and  .^2'( .  The  authors  concluded  that  lung  SPECT 
provided  diagnostic  accuracy  in  96%  of  patients  and  much 
better  specificity  than  planar  lung  scans. 

The  reason  that  SPECT  might  provide  more  accurate 
results  than  planar  V/Q  lung  scans  w  as  suggested  by  Mag- 
nussen  et  al  in  an  article  describing  a  computcri/ed  model 
of  pulmonary  thromboembolism,  which  compared  planar 
and  SPECT  imaging.'"  That  work  revealed  that  standard 
V/Q  planar  lung  scans  failed  to  detect  lesions  in  the  lung 
bases,  especially  in  the  right  medial  basal  segment,  and 
also  underestimated  defect  size,  compared  to  SPECT. 
Those  findings  may  be  important,  because  lower  lobe 
segments  are  the  most  reported  sites  of  pulmonary  throm- 
boembolism. 

An  elegant  approach  to  lung  V/Q  SPECT  is  provided  by 
true  simultaneous  (rather  than  sequential)  SPECT  acqui- 
sition of  lung  perfusion  using  Tc-99m  macroagreggated 
albumin  and  ventilation  using  Kr-Hlin."  This  technique  is 
possible  because  the  (.lifferent  photon  energies  of  Tc-M^m 
and  Kr-S  1  m  can  be  lesoh ed  by  the  gamma  camera  SPECT 
system.  A  group  of  7  |xitients  \\ith  pulmonary  vascular 
disea.se  were  studied  and  found  to  have  a  high  semi-quan- 
titative V/Q  ratio  in  lobar  and  segmental  lung  regions.  This 
kind  of  quantitative  information  may  be  helpful  to  support 
visual  interpretation  of  lung  scans,  but  widespread  use  ol 


this  technique  is  limited  by  the  high  cost  of  Kr-XIm  as  a 
\enlilation  agent. 

iinally,  in  the  setting  of  chronic  pulmonary  thrombo- 
embolic di.sease,  lung  perfusion  SPECT  was  designated  as 
the  accepted  standard  for  regional  hypoperfusion  in  a  small 
study  of  ."S  patients  with  documented  chronic  pulmonary 
thromboembolism  who  also  had  CT  scans.'-  CT  showing 
a  mosaic  pattern  of  variable  lung  attenuation  is  a  potential 
sign  that  chronic  pulmonary  thromboembolism  may  be  the 
source  of  pulmonary  hypertension.  Compared  with  lung 
SPECT,  CT  had  a  sensitivity  of  IVi  for  regional  hypo- 
perfusion detection. 

Quiintitative  l.un};  Scintigraphy 

Scintigraphy  has  long  been  used  as  part  of  preoperative 
e\aluation  for  possible  lung  resection.  The  quantitative 
lung  scan,  in  which  the  region-ol-interest  analysis  tech- 
nique used  in  many  nuclear  medicine  procedures  is  ap- 
plied to  standard  lung  perfusion  and  ventilation  images, 
alk)w  s  estimation  of  the  contribution  of  a  region  of  a  lung 
to  the  total  function,  as  might  be  determined  from  pulmo- 
nary function  tests  such  as  forced  expiratory  volume  in  the 
first  second.  Quantitation  of  regional  lung  perfusion  is 
used  most  often  to  determine  whether  lung  cancer  patients 
will  have  sufficient  postoperative  pulmonary  function  to 
tiilerate  major  procedures  such  as  lobectomy  or  pneumo- 
nectomy." Quantitation  from  planar  perfusion  and  venti- 
lation images  is  sufficiently  accurate  that  even  though  lung 
perfusion  SPIiCT,  with  its  improved  spatial  resolution,  is 
now  readily  available,  there  is  little  clinical  need  to  em- 
ploy this  modality.  Lung  SPECT  has  become  a  valuable 
adjunctive  procedure  in  the  evaluation  of  patients  under 
consideration  for  LVRS. 

During  the  past  decade.  LVRS  has  become  a  viable 
treatment  option  for  selected  patients  with  severe  emphy- 
sema. The  primary  objective  of  the  procedure  is  the  re- 
moval of  poorly  functioning  hyperinOated  lung  tissue, 
which  results  m  a  better  match  between  the  sizes  of  the 
lungs  and  the  chest  cavity  and  improvement  in  the  biome- 
chanics of  respiration  and  air  flow  dynamics. '■*-"•  Targets 
for  resection  in  LVRS  are  regions  with  severe  localized 
lung  damage,  reflected  by  substantial  heterogeneity  in  im- 
aging appearance  of  the  lung  parenchyma,  most  often  at 
the  lung  apices  or  ba.ses.' '  Though  chest  CT  is  universally 
used  in  assessing  the  severity  of  lung  emphysema  and  in 
identifying  potential  targets  for  resection.''''^"'  many  sur- 
geons also  employ  lung  perfusion  and  ventilation  scans  as 
part  of  this  process.  Lung  scans,  both  planar  and  SPECT, 
are  used  both  qualitatively  and  scmi-quantitati\ely,  de- 
pending on  the  preference  and  expertise  o(  the  local  prac- 
titioners,'*'"-^" 

Lung  perfusion  scans  are  most  often  used  as  an  adjunct 
to  CT  scans  in  assessing  the  distribution  and  degree  of 
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emphysematous  lung  damage.  IVilusioii  heterogeneity  is 
iNpically  judyed  \isually.  using  a  i|uaniati\e  scoring  sys- 
tem (eg,  mild,  moderate,  severe).  aUlunigh  legion-ol'-in- 
terest  analysis  to  |iro\ide  more  ohjeelise  t|uantilalion  is 
possible.  Though  there  is  good  eoirelation  between  CT 
and  scintigraphic  assessment  of  parenclnmal  invoKement 
b\  emph\sema.  parlicularls  in  identilsing  apical  and  basal 
predominance,  tliscordance  between  the  anatomic  and  phys- 
iologic imaging  methods  does  occim'.  In  a  study  by  Thurn- 
heer  et  al  of  70  I.V'KS  patients,  there  was  complete  agree- 
ment in  scoring  (as  either  homogeneous,  intermediately 
heterogeneous,  or  markedly  heterogeneous)  betvseen  CT 
and  planar  perfusion  scans  in  only  33  of  the  patients  (50%). 
Sixteen  patients  (23'7r)  with  homogeneous  CT  appearance 
were  scored  as  heterogeneous  on  perfusion  scans,  includ- 
ing 9  considered  markedly  heterogeneous,  providing  fur- 
ther assistance  to  the  surgeons  in  identifying  target  areas 
tor  resection.'-'^  McKenna  et  al  used  radionuclide  lung  per- 
fusion scans  to  confirm  the  heterogeneous  pattern  of  ein- 
phvsema  identified  on  CT.  but  did  not  indicate  the  fre- 
quency with  which  the  patterns  asjudged  by  the  2  modalities 
were  not  in  agreement.''' 

Perfusion  SPECT  provides  improved  anatomic  detail 
for  identification  of  regional  parenchymal  defects,  and  as 
such  may  allow  identification  of  heterogeneity  that  is  not 
appreciated  on  planar  images.  At  present,  the  role  of  lung 
SPECT  appears  best  defined  as  a  \isual  adjunct  for  the 
surgeon,  as  SPECT  has  not  been  shown  to  be  superior  to 
planar  imaging  in  characterizing  the  location  and  severity 
of  perfusion  heterogeneity.  Using  a  semi-quantitative  vi- 
sual scoring  system  for  defect  severity  in  the  upper  and 
lower  /.ones  of  each  lung.  Jamadar  et  al  reported  only  a 
moderate  correlation  ( r  =  0.52 )  betw een  planar  and  SPECT 
image  scores,  but  nonetheless  concluded  that  there  ap- 
peared to  be  little  benefit  from  the  additional  effort  re- 
quired to  perform  SPECT.'"  However,  analogous  to  the 
comparison  betw  een  plain  radiographs  of  the  chest  and  CT 
scans,  there  seems  little  doubt  that  SPECT  perfusion  im- 
ages pro\  ide  the  surgeon  a  better  guide  for  identifying 
local  resection  targets  than  do  comparable  planar  views. 
Quantifying  this  expectation  is  nevertheless  problematic, 
as  it  would  require  an  objective  means  for  correlating  the 
preoperative  surgical  as.sessment  of  target  areas  with  the 
portions  of  the  lungs  actually  resected.  Most  published 
l.V'RS  outcome  analyses  have  provided  only  limited  char- 
acterization of  the  surgical  specimens,  at  most  including 
their  locations  of  origin  (apex  or  base,  left  or  right  lung) 
and  qualitative  estimates  of  extent  of  resection.'''  -' 

An  additional  benefit  of  the  scintigraphic  technique  in 
assessing  LVRS  candidates  is  the  potential  for  true  quan- 
titative analysis  of  the  imaging  studies,  both  before  and 
after  the  surgical  procedure.  Several  groups  have  exam- 
ined quantitation  of  ventilatory  function  using  Xe-133  gas. 
which  provides  information  on  both  inflow  and  washout 


from  ihc  airways  and  is  not  subject  to  the  deposition  prob- 
lems that  limit  the  lUilily  of  Tc-yym  aerosol  preparatie)ns 
in  |ialienls  with  severe  emphysema."'  •"' 

Using  planar  imaging,  Travalinc  et  al  found  significant 
improvcmcnl  in  regional  washout  of  radioxenon  (a  mea- 
sure of  small  airway  ventilatory  mechanics)  following 
LVRS,  which  correlated  with  increased  forced  expiratory 
volume  in  the  first  second.-' 

Suga  et  al,  using  dynamic  Xe-133  SPECT,  also  docu- 
mented improvement  in  regional  vcniilaiorv  performance 
associated  with  increase  in  pcrccnlagc  forced  expiratory 
volume  in  the  first  second  following  LVRS.--  This  group 
also  reported  quantitative  improvement  in  regional  perfu- 
sion after  LVRS,  measured  by  SPECT.-''=-» 

In  our  clinic  we  have  examined  the  potential  utility  of 
different  quantitative  measures  of  perfusion  heterogeneity 
on  lung  SPECT.  In  a  preliminary  analysis  of  14  patients 
who  had  perfusion  SPECT  before  and  after  LVRS.  changes 
in  the  whole-lung  counts  ratio  ([maximum  counts/pixel]/ 
[mean  counts/pixel])  showed  the  closest  association  with 
clinical  outcome,  with  the  8  patients  with  the  greatest  de- 
crease (reduced  heterogeneity)  having  the  best  outcome  (5 
improved,  3  stable),  whereas  3  of  the  4  with  the  least 
change  had  adverse  outcomes  (2  deaths.  1  increased  dys- 
pnea).--'' Though  the  role  of  quantitation  in  lung  scintigra- 
phy for  LVRS  patients  continues  to  evolve,  it  is  possible 
that  these  methods  will  eventually  be  able  to  assist  the 
surgeon  not  only  in  selecting  the  most  appropriate  candi- 
dates for  the  procedure,  but  also  in  identifying  high-risk 
individuals  in  whom  the  potential  benefits  of  surgery  may 
not  exceed  the  intraoperative  and  postoperative  risk. 

As  noted  above,  planar  and  SPECT  lung  scan  results 
have  been  used  as  parts  of  analyses  of  both  the  screening 
process  for  selecting  LVRS  candidates  and  the  outcome 
among  those  who  had  the  surgery.  Observations  such  as 
the  increased  likelihood  of  surgery  in  patients  with  heter- 
ogeneous emphysema,  particularly  involving  the  apices, 
are  hardly  surprising,  especially  given  that  in  many  series 
the  lung  scan  was  part  of  the  preoperative  evaluation  pro- 
cess.'-'*''' Similarly,  improved  homogeneity  of  perfusion 
and  ventilatie)n  being  the  expected  outcome  of  successful 
LVRS.  it  is  only  the  sometimes  impressive  appearance  of 
uniformly  perfused  lung  after  LVRS  in  areas  with  minimal 
to  absent  perfusion  before  surgery  (Fig.  1)  that  might  be 
considered  surprising.-'  -"*  What  remains  to  be  determined 
is  how  durable  the  improvement  in  ventilation  and  perfu- 
sion will  be,  given  that,  to  date,  most  post-LVRS  imaging 
evaluations  have  been  perlbrmed  at  only  3-12  months 
after  surgery,'''  -■* 

In  conclusion,  lung  perfusion  and  ventilation  scans, 
whether  analyzed  qualitativeh.  semi-quantitatively.  or 
quantitatively,  are  an  accepted  element  in  the  evaluation  of 
patients  under  consideration  for  lung  resection  or  LVRS. 
Thiiugh  appreciation  o\'  SPECT  imaging  as  a  visual  tool  is 
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Fig.  1 .  Coronal  images  through  the  center  of  the  lungs  from  before 
(pre-op)  and  after  (post-op)  lung  volume  reduction  surgery  (LVRS) 
perfusion  single-photon  emission  computed  tomography  (SPECT) 
studies  (left  and  hght  images,  respectively)  on  2  patients  who  were 
clinically  improved  after  surgery.  Both  patients  had  bilateral  upper 
lobe  resections,  but  one  post-LVRS  study  shows  increased  per- 
fusion of  the  apices  (panel  A),  whereas  the  other  shows  the  most 
distinct  improvement  at  the  bases  (panel  B).  Overall  homogeneity 
is  improved  in  both  patients.  The  heterogeneity  indices  shown  at 
the  bottom  of  each  image  are  the  total  lung  coefficients  of  varia- 
tion (CV  =  (pixel  counts  standard  deviation]/[mean  counts/pixel]) 
and  counts  ratio  (CR  =  [maximum  counts/pixel]/[mean  counts/ 
pixel]). 


widespread,  quantitative  techniques  employing  SPECT 
data  have  yet  to  gain  general  acceptance.  However,  as 
more  and  bettor  data  associating  SPECT  analyses  with 
clinical  outcome  results  are  published,  this  situation  will 
probably  change. 

Ima^iin^  of  Receptors  With  Siiijjle-Photon 
Emission  Tomography 

Scintigraphic  imaging  of  somatostatin  receptors  in  tu- 
mors has  been  a  goal  in  cancer  diagnosis  and  treatment 
since  the  early  19S()s.  Somatostatin  receptors  were  first 
isolated  and  characterized  in  normal  pituitary  tissue  in 
1978. -"^  Following  this  discovery,  specific  binding  sites  for 
somatostatin  have  been  identified  in  \itro  in  a  variety  of 
normal  human  neuroendocrine  tissues,  including  the  respi- 
ratory tract.  Not  surprisingly,  this  led  to  the  discovery  of 
increased  .somatostatin  receptor  expression  within  xarious 
neoplasms.  Specifically,  in  vitro  o\er-expression  of  soma- 
tostatin receptors  has  been  well  documented  in  small 
cell  lung  cancers  and  carcinoids.-*-''  This  phenomenon 
has  been  exploited  and  provided  the  foimdation  for  scin- 
tigraphic  imaging  of  these   neoplasms,   through   the 


development   of  somatostatin   rcceplor-targeled   radio- 
pharmaceuticals. 

Suice  Bauer  et  a!  first  synthesized  an  analogue  of  so- 
matostatin, octreotide,  the  peptide  has  been  labeled  with 
In- 1 1  I  (OctreoScan)  and  used  to  image  somatostatin  re- 
ceptor-positive tumors  in  humans  by  conventional  scintig- 
raphy.-"-'"  Octreotide  scintigraphy  of  carcinoid  and  small 
cell  lung  cancer  has  been  well  documented  as  a  highly 
sensitive  modality  for  detection  and  evaluation  of  these 
tumors.  Kwekkeboom  et  al  found  high  sensitivity  for  eval- 
uating carcinoid  tumors,  irrespective  of  tumor  site  or  hor- 
monal secretion.'  Additionally,  previously  unsuspected 
localizations  or  sites  not  recognized  with  other  imaging 
techniques  were  found  in  a  majority  of  their  patients.  In 
regards  to  small  cell  lung  cancer,  octreotide  SPECT  scin- 
tigraphy has  provided  very  accurate  detection  of  primary 
lung  tumors  as  well  as  distant  metastatic  disease,  both 
suspected  and  unsuspected.'-  Curiously,  and  perhaps  ser- 
endipitously .  these  and  other  studies  observed  similar  highly 
sensitive  visualization  of  all  bronchogenic  carcinomas 
(non-small  cell  and  small  cell  lung  cancer)  as  well  as  lung 


Fig.  2.  Coronal  single-photon  emission  computed  tomography 
(SPECT)  image  of  the  chest  and  upper  abdomen  from  a  techne- 
tium-99m  depreotide  scan  in  a  70-year-old  man  with  a  6  cm  het- 
erogeneous low-density  lung  mass  adjacent  to  the  left  pulmonary 
hilum.  A  curvilinear  zone  of  increased  uptake  is  seen  in  the  medial 
left  chest,  with  an  adjacent  photopenic  center  and  another  region 
of  increased  activity  inferolaterally.  These  findings  are  consistent 
with  a  large  malignant  mass  with  a  necrotic  center.  Normal  phys- 
iologic distribution  of  activity  in  the  abdominal  organs  (liver,  spleen, 
kidneys)  can  also  be  seen.  The  diagnosis  of  squamous  cell  carci- 
noma was  established  at  subsequent  surgical  resection. 
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ax  SUV  =  3.7 


Fig.  3.  A  40-year-old  man  with  a  remote  history  of  resected  right 
chest  melanoma  had  a  new  right  mid-lung  nodule  identified  on 
routine  chest  radiograph.  Chest  computed  tomography  revealed  a 
12  mm  round  nodule  with  smooth  margins,  with  no  adenopathy  or 
other  parenchymal  lung  abnormalities.  Coronal  FDG-PET  (2-[F-18] 
fluoro-2-deoxy-D-glucose-positron  emission  tomography)  image 
of  the  chest  shows  moderately  increased  uptake  in  the  peripheral 
right  lung  nodule,  with  a  standard  uptake  value  (SUV)  of  3.7.  At 
wedge  resection,  a  focus  of  metastatic  melanoma  was  found. 


metastases  from  other  tumors.-''-  '^  This  was  unexpected 
because  in  vitro  somatostatin  receptor  expression  in  non- 
small  cell  lung  cancer  had  not  been  shown  and  remains  to 
be  clarified.  Despite  in  vitro  differences  in  somatostatin 
receptor  expression  between  non-small  cell  lung  cancer 
and  small  cell  lung  cancer,  recent  clinical  experience  with 
somatostatin  analog  SPECT  imaging  in  detecting  non-small 
cell  lung  cancer  has  been  encouraging. 

Until  recenth .  octreotide  scintigraphy  was  limited  to  the 
labeled  peptide  In-Ill  pentetreotide  (OctreoScan).  The 
high  cost  of  cyclotron  production  of  the  ln-111  isotope, 
long  half-life,  and  its  relatively  poor  imaging  characteris- 
tics had  limited  the  clinical  usefulness  of  octreotide  SPECT 
scintigraphy  in  evaluating  non-neuroendocrine  tumors.  A 
new  Tc-labeled  somatostatin  analogue  has  been  approved 
by  the  Food  and  Drug  .Administration  as  the  radiopharma- 
ceutical Tc-99m  depreotide  (NeoTect).  High  contrast  res- 
olution SPECT  images  with  little  normal  pulmonary  up- 
take, in  conjunction  with  lower  production  costs,  have 
allowed  for  recent  expanded  clinical  applications  of  oct- 
reotide SPECT  scintigraphy. 

The  e\  aluation  of  st)litary  pulmonary  nodules  w  ith  Tc- 
99m  depreotide  SPECT  scintigraphy  is  a  relatively  recent 
application,  w  ith  encouraging  clinical  results  ( Fig.  2 ).  Blum 
et  al  found  a  96.6%  sensitivity  of  Tc-99m  depreotide  in 
solitary  pulmonary  nodules  and  an  overall  accuracy  of 
91%  in  delineating  nodules  as  malignant  or  benign. '■''-■^'' 
These  results  compared  favorably  with  those  reported  for 
FDG-PET  (2-|F-l8|  nuoro-2-deoxy-D-glucose  positron 


emission  tomographs )  in  the  e\  aluation  of  solitary  pulmo- 
nary nodules."'  ''' 

With  the  advantages  of  FDCi-PHT  to  screen  not  onls  for 
the  lung  nodule  but  also  for  regional  and  distant  metasta- 
ses-"' and  its  new  and  expanding  other  clinical  applications 
(eg,  colorectal  cancer  and  melanoma)  (Fig.  3),  SPECT 
scintigraphy  of  the  chest  has  taken  somewhat  of  an  aca- 
demic "back  seat"  to  this  newly  applied  technology.  How- 
ever, this  recent  favorable  comparison  of  SPECT  to  FDG- 
PET  in  the  evaluation  of  solitary  pulmonary  nodules  is 
important  in  regard  to  standard  clinical  practice.  Specifi- 
cally. SPECT  scintigraphy  is  widely  available  and  sub- 
stantially less  costly  than  dedicated  PET  systems.  Compa- 
rable sensitivities  and  specificities  to  FDG-PET.  combined 
with  widespread  availability  and  lower  cost,  may  generate 
renewed  interest  and  clinical  application  of  somatostatin 
analog  SPECT  scintigraphy  of  the  chest. 

Summary 

The  wide  availability  of  SPECT  and  the  practical  and 
easy  use  of  Tc-99m  radiopharmaceuticals  make  its  use 
reasonable  and  efficient  for  symptom  evaluation  of  disor- 
ders of  the  chest  in  which  clinical  concerns  such  as  pul- 
monary embolism,  quantitative  lung  function,  or  soma- 
tostatin receptor  status  of  masses  are  raised. 
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Weaiiiiiji  Parameters:  \\  ho  Cares! 

Weaning  parameters  are  a  mainstay 
of  managing  the  mechanieally  venti- 
latetJ  patient  and  are  routinely  mea- 
sured in  most  intensive  care  units.  The 
ratio  of  respiratory  frequency  to  tidal 
volume  (t7V|).  or  rapid  shallow 
breathing  index,  has  become  the  most 
popular  weaning  parameter  in  the  lit- 
erature.' '  Most  clinicians  use  the  I'/V^ 
ratio  as  an  extithation  parameter,  or- 
dering it  uhen  trying  to  determine  if  a 
patient  is  ready  to  be  extubated.  When 
a  clinician  orders  a  study  or  test,  there 
should  he  a  reasonable  expectation  that 
the  results  will  help  direct  decision 
making  for  that  patient.  This  same  ex- 
pectation should  apply  to  the  f/V,  ra- 
tio. The  limited  predictive  ability  of 
the  fA'-j-  ratio  argues  that  there  is  no 
role  for  its  routine  use  in  liberating 
patients  from  the  ventilator. 

The  original  study  by  Yang  and  To- 
hin  showed  a  positive  predictive  value 
of  78'/f  and  negative  predictive  value 
of  95%. 3  However,  sub.sequent  trials 
have  often  shown  much  lower  nega- 
tive predictive  values  (8%  to  lOO'/r).' 
In  addition,  many  patients  in  these 
studies  were  never  extubated.  having 
met  criteria  for  returning  to  mechani- 
cal ventilation  before  extubation.  If 
one  uses  the  f/Vj  ratio  as  an  extuba- 
tion parameter,  it  is  appropriate  to  fo- 
cus on  studies  in  which  all  study  pa- 
tients were  extubated.  thus  pro\iding 
a  more  reliable  negative  predictive 
value.  Epstein  reported  that  only  8  of 
29  patients  with  an  f/V,  ratio  >  100 
measured  off  ventilatory  support  failed 
extubation,  giving  a  negative  predic- 
tive value  of  28't  ^  .Since  patients  tend 
to  have  lower  f/V ,  when  measured  on 
the  ventilator.'  this  could  be  expected 
to  impro\  e  the  negati\  e  preclicti\  c  \  ahic. 
Hov\  ever,  Lee  et  al  found  that  1 2  of  1 3 
patients  (negative  predictive  value  8%) 
who  had  f/V,  >  lO.'S  on  continuous  pos- 
itive airway  pressure  or  pressure  sup- 
port were  successfully  extubated.*^ 

One  of  the  ditTiculties  in  appKing 
the  t/V|   ratio  or  other  weaning  pa- 


rameters as  predictive  tools  is  deriv- 
ing single  cutoff  values  that  can  be 
applied  to  diverse  patient  populations. 
One  study  showed  women  to  be  3  times 
more  likely  than  men  to  have  an  f/V, 
ratio  >  1(X).-'  Sixteen  of  19  women  w  itii 
f/V,  s  1(X)  were  successfully  extubated. 
Multiple  clinical  factors  have  been 
shown  to  impact  a  patient's  f/V^  ratio 
and  thus  confound  its  application. 

Most  patients  fail  extubation  for  rea- 
sons (eg,  aspiration,  congestive  heart 
failure,  upper  airway  obstruction)  that 
can't  be  predicted  by  routine  respira- 
tory values. '^  The  majority  of  studies' 
have  supported  a  positive  predictive 
value  >  75%,  and  this  is  presumably 
as  good  as  can  be  expected.  More  im- 
portantly, a  false  positive  test  means  the 
patient  is  still  given  a  trial  of  extubation. 
A  false  negative  test  means  a  patient 
potentially  gets  left  on  the  ventilator 
when  he  or  she  might  not  need  to  be. 

Let  us  assume  that  a  patient  has  met 
your  clinical  criteria  for  extubation. 
How  will  ordering  an  f/V^  ratio  affect 
your  decision  to  extubate?  If  the  ratio 
is  low,  the  patient  will  presumably  be 
extubated.  What  if  the  ratio  is  greater 
than  105?  Will  you  leave  the  patient 
intubated,  knowing  there  is  a  high 
probability  the  predictor  is  wrong  and 
the  patient  is  in  fact  ready  for  extuba- 
tion? How  many  other  predictive  stud- 
ies would  you  routinely  order  that  are 
wrong  more  than  half  the  time? 

There  have  been  no  published  pro- 
spective randomized  trials  examining 
the  impact  of  weaning  parameters  on 
extubation  success.  Epstein"  reported 
observational  data  that  suggest  that  the 
use  of  weaning  parameters  doesn't 
change  extubation  outcome.  During 
the  study  period,  f/V-,-  ratio  was  or- 
dered at  the  discretion  of  the  medical 
intensive  care  unit  team,  and  94  pa- 
tients were  extubated  after  having  f/V^ 
ratio  measured  within  8  hours  of  ex- 
tubation. Eighty-one  percent  were  suc- 
cessfully extubated.  Ninety  other  pa- 
tients were  extubated  without 
measurement  of  pre-extuhation  f/V,- 


ratio,  and  they  had  an  almost  identical 
80'';  success  rate. 

It  is  important  to  remember  that  the 
original  development  of  weaning  pa- 
rameters was  driven  by  physicians"  in- 
ability to  clinically  predict  a  patient's 
readiness  for  weaning.  However,  re- 
cent studies^-**  have  shown  how  to  ag- 
gressively identify  patients  ready  for 
extubation  and  shorten  the  duration  of 
mechanical  ventilation.  The  key  is 
screening  patients  daily  for  their  readi- 
ness to  attempt  a  spontaneous  breath- 
ing trial. 

Though  the  screening  criteria  dif- 
fered slightly  between  the  studies,  they 
both  focused  on  3  primary  areas:  ad- 
equate oxygenation,  cardiovascular 
stability,  and  an  acceptable  mental  sta- 
tus and  cough.  Patients  who  met  these 
criteria  were  placed  on  a  spontaneous 
breathing  trial.  If  the  patient  passed 
the  trial,  the  physician  was  notified. 
In  470  medical  intensive  care  unit  and 
cardiac  care  unit  patients,  the  imple- 
mentation of  this  respirator)  therapist- 
driven  protocol  reduced  the  duration 
of  weaning  by  2  days,  compared  to 
patients  weaned  by  their  priman, 
teams."**  There  was  also  a  strong  trend 
in  both  .studies  toward  a  lower  incidence 
of  tracheostomy  in  the  protcxrol  group. 
Most  critical  care  units  are  strug- 
gling w  ith  major  personnel  shortages, 
making  it  imperative  that  available 
staffing  be  used  efficiently.  Given  the 
limited  clinical  utility  of  the  f/V-,- ratio 
and  other  weaning  parameters,  one 
cannot  justify  their  routine  use.  Rather 
than  having  the  respiratory  therapists 
routinely  measuring  ilVj  ratios,  they 
sht)uld  be  screening  each  ventilated 
patient  daily  for  readiness  to  attempt  a 
spontaneous  breathing  trial.  Patients 
who  pass  this  trial  should  he  consid- 
ered for  extubation. 

Jack  L  DePriest  MD 

Medical  Critical  Care 
Memorial  Medical  Center 
Johnstown.  Pennsvlvania 
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Associate  Editor  Neil  R  Maclntyre 
responds: 

1  read  with  inlerost  the  letter  written 
by  Jack  L  DePriest  aililressins:  the  t'/V, 
measurement  (f/V^  ratio).  I  would  of- 
fer the  following  comments. 

First,  the  f/V-,  ratio  is  simply  an 
objective  quantification  of  the  venti- 
latory pattern.  As  such,  an  understand- 
ing of  the  circumstances  under  which 
it  is  measured  is  critical  to  interpret- 
ing its  meaning.  For  example,  a  low 
f/Vy  measured  after  2  hours  of  a  spon- 
taneous breathing  trial  has  quite  a  dif- 
ferent meaning  than  a  low  f/V-,^  ratio 
measured  while  a  patient  is  receiving 
1 5  cm  H^O  of  pressure  support.  In  the 
former  case  the  patient  ma\  be  reails 
for  extubation;  in  the  latter  case  the 
patient  can  only  be  said  to  be  tolerant 
of  the  \entilatory  support  being  given. 
The  utility  of  the  f/V,  ratio  must  thus 
be  judged  in  the  contcM  in  which  it  is 
measured. 


Secotnl.  the  McMaslcr  University 
r-viilence-Baseil  Medicine  Center  re- 
ceiiily  performed  a  comptehetisivc ev- 
idence-based review  of  the  ventilator 
weaning/w  ithilrawal  prt)ccss.'  This 
group  concluded  ihat  the  f/V,  ratio  //; 
isoltilion  during  a  spontaneous  bre;iili 
ing  trial,  though  useful  in  large  |iop- 
ulation  studies  to  ilescribe  ventilator 
discontinuation  likelihood,  did  not 
have  sufficient  preilictive  value  to  be 
of  use  in  imlividiKil  p;ilients.  Specifi- 
callv.  iluHigh  ihev  lotiiul  th;it  the  l/V  , 
ratio  during  a  spontaneous  breathing 
trial  was  clearly  higher  in  populations 
failing  ventilator  weaning/discontinua- 
tion, they  couki  not  fmd  a  specific  cut- 
off number  with  enough  accuracy  to 
guide  decisions  in  individual  patients. 

Third,  agreeing  that  a  cutoff  value 
for  the  f/V|  ratio  derived  from  popu- 
lation studies  and  used  //;  isohiiion  has 
limited  value  in  individual  patients 
does  not  mean  agreeing  that  this  mea- 
surement has  no  clinical  utility.  In- 
deed, the  fA'i  ratio  may  have  consid- 
erable value  as  part  of  a  more 
comprehensive  assessment  of  ventila- 
tt)r  weaning/discontinuation  potential. 
In  1999.  the  American  College  of 
Chest  Physicians,  the  Society  for  Crit- 
ical Care  Medicine,  and  the  American 
Association  for  Respiratory  Care  com- 
missioned a  task  force  to  review  the 
evidence  on  ventilator  weaning/dis- 
continuation (including  the  McMaster 
report')  and  develop  clinical  practice 
guidelines.-  This  task  force  agreed 
with  the  McMaster  group  that  the  iso- 
lated f/V|  ratio  has  limited  ulililv  in 
the  individual  patient.  However,  the 
task  force  found  considerable  ev  idence 
to  support  therapist-driven  ventilator 
discontinuation  protocols  using  spon- 
taneous breathing  trials  in  patients  w  ho 
meet  criteria  for  stable  or  resolving 
disease  and  who  have  evidence  of  ad- 
eiiuate  ventilatory  drive.  In  these  pa- 
tients, the  task  force  recommendetl  that 
patient  monitoring  during  the  sponl;i- 
neous  breathing  trial  should  include 
hemodynamics,  hemoglobin  oxygen 
saturation,  subjective  comfort,  and 
\<)mc  assessment  oj  the  hrealhiii^  pat- 
tern. This  last  requirement  is  b;ised  on 
the  observation  hv  iikuiv  that  the  re- 


spiratory pattern  is  one  of  the  most 
sensitive  inilicalors  of  the  relationship 
between  muscle  loads  and  muscle  ca- 
pabilities. Specifically,  rapid  shallow 
breathing  is  often  a  very  early  sign  of 
impending  muscle  overload  and/or  fa- 
tigue. In  this  context,  the  (lianne  in 
f/V  I  during  a  .■^0-120  minute  sponta- 
neous breathing  trial,  rather  than  a  set 
cutoff  number,  has  been  endorsed  by 
the  task  force  as  the  best  way  to  quan- 
tify the  ventilatory  pattern  response 
iluring  a  comprehensive  spontaneous 
breathing  trial  assessment. 

In  conclusion,  objectively  quantify- 
ing the  respiratory  pattern  is  the  most 
obvious  benefit  of  the  f/V ,  ratio.  Un- 
derstanding the  circumstances  under 
which  the  f/V-p ratio  is  measured,  how- 
ever.  is  critical  to  proper  interpreta- 
tion. Recording  increasing  f/Vp  ratios 
iluring  spontaneous  breathing  trials  is 
a  convenient  way  to  objectively  doc- 
ument that  patient  intolerance  (often 
from  ventilatory  muscle  overload 
and/or  fatigue)  is  developing.  Con- 
versely, stable  f/Vy  ratios  (especially 
when  <  105)  imply  patient  tolerance 
of  the  spontaneous  breathing  trial  and 
preservation  of  appropriate  ventilatory 
muscle  load/capabilities  relationships. 
This  measurement,  however,  should 
not  be  made  in  a  vacuum.  The  respi- 
ratory pattern  is  but  one  "input"  the 
skilled  practitioner  needs  to  assess 
when  making  decisions  about  ventila- 
tor weaning/discontinuation. 

Neil  R  Maclntyre  MD  FAARC 

Respiiatorv  Care  Services 

Duke  University 

Durham.  North  Carolina 
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Chest  Radiologj  t'onipanion.  Eric  J  Stem 
MD  and  Charles  S  White  MD.  Philadel- 
phia: LippiiKDtt  Williams  &  Wilkins.  I9W. 
Soft-eover.  illustrated.  437  pages.  $59.95. 

These  are  exciting  times  in  radiology. 
Technology  has  brought  us  computed  to- 
nu)graphy  (CTl.  high-resolution  CT.  and  spi- 
ral CT,  along  with  magnetic  resonance  im- 
aging, positron  emission  tomography  scans. 
and  a  host  of  ways  to  examine  the  body  and 
come  e\er  closer  to  a  specific  diagnosis  with 
diagnostic  imaging  techniques  alone. 

In  this  climate  it  is  increasingly  difficult 
to  find  a  text  that  covers  "the  basics."  Yet 
the  chest  radiograph  is  still  the  basic  imag- 
ing tool  for  most  of  us  insolved  in  respira- 
tory care.  Of  the  additional  chest  imaging 
techniques,  the  CT  scan  is  the  other  test  that 
is  most  frequently  required  to  understand 
the  anatomy  of  disease.  Chest  CT  particu- 
larly lends  itself  to  clear  delineation  of  the 
kx-ation  and  extent  of  disease  in  the  lungs. 
pleura,  and  mediastinum. 

The  Chest  Radiology  Companion 
serves  as  a  guide  to  the  adult  chest  radio- 
graph in  disease  states.  Where  appropriate, 
the  chest  film  is  accompanied  by  helpful 
CT  images.  This  is  not  quite  a  basic  book, 
in  that  it  does  not  cover  anatomy,  but.  on 
the  other  hand,  it  does  ser\'e  as  an  introduc- 
tory book  of  interpretation  for  many  people 
who  have  had  at  least  some  experience  with 
chest  radiographs. 

The  intended  audience  is  primarily  radi- 
ology residents  beginning  their  training,  but 
the  book  would  also  be  appropriate  for  med- 
ical students,  respiratory  therapists,  pulmo- 
nary medicine  trainees,  and  internal  medi- 
cine residents,  as  well  as  emergency 
department  providers  and  others  who  have 
reasons  to  look  at  chest  radiographs. 

The  book  includes  a  section  on  methods 
and  chest  CT  pnHocols  that  will  be  ii(  in- 
terest to  anyone  ordering  those  studies.  There 
is  a  chapter  on  tube  and  line  positions  that 
will  be  helpful  to  those  interested  in  criti- 
cally ill  patients.  This  is  followed  by  sec- 
tions on  the  lung,  the  mediastinum,  the  chest 
wall,  pleura,  and  diaphragm,  and  common 
medical  problems.  The  organization  of  the 
book  is  logical  and  fundamental.  This  is 
basically  a  book  of  interesting  radiographs 
accompanied  by  key  facts  about  the  dis- 


eases shown.  The  key  facts  are  presented  in 
a  bullet-point  fashion,  and  a  good  deal  of 
inl'omiation  is  provided  concisely.  This  in- 
fomiation  is  accurate  and  as  up  to  date  as 
possible  in  a  textbook  these  days.  By  no 
means  is  it  intended  to  be  all-inclusive,  but 
it  is  sufficient  for  the  purpose. 

The  references  pro\'ided  refer  to  the  ra- 
diology literature  and  generally  to  classic 
articles.  Only  one  reference  is  provided  with 
each  topic.  One  will  need  to  look  elsewhere 
to  find  further  references  regarding  the  ill- 
nesses and  abnormalities  covered  in  the  key 
facts  and  radiographs. 

There  is  abundant  space  remaining  on 
many  of  the  pages  so  that  one  could  include 
his  or  her  own  notes  regarding  the  various 
disease  processes.  An  index  is  provided,  ref- 
erencing the  subjects  covered  in  the  various 
chapters,  and  this  would  prove  quite  useful 
for  those  with  a  specific  topic  in  mind. 

This  book  fills  a  current  need  for  simple 
texts  that  cover  fundamental  chest  radiol- 
ogy. The  accompanying  CT  images  are  most 
helpful.  Many  larger  texts  in  radiology  these 
days  cover  more  specific  areas  and  come  at 
considerable  expense.  This  book  is  fun  to 
read,  provides  a  lot  of  information  in  a  com- 
pact form,  and  will  prove  to  be  most  useful 
to  a  \ariety  of  health  care  practitioners.  I 
should  think. 

James  R  Patterson  MD 

Pulmonology  Division 

Department  of  Medicine 

Oregon  Health  Sciences  University 

The  Oregon  Clinic 

Portland.  Oregon 

Imaging  of  DitTuse  Lung  Disease.  Da\id 
A  Lynch  MB.  John  D  Newell  Jr  MD.  and 
Jin  Seong  Lee  MD.  Hamilton.  Ontario.  Can- 
ada: BC  Decker.  2000.  Hard-cover  (with 
CD-ROM),  illustrated.  322  pages,  $67.96. 

As  stated  in  the  authors"  preface,  the  un- 
derlying thesis  of  this  book  is  that  the  im- 
aging findings  in  patients  with  diffuse  lung 
disea.se  cannot  be  understood  in  isolation 
and  must  be  integrated  w  ith  the  clinical  pre- 
sentation of  the  patient,  along  with  the  phys- 
iologic abnonnalities  and  the  pathology  find- 
ings. For  the  most  part  the  authors  have 
accomplished  their  goal.  Most  of  the  chap- 
ters were  jointly  written  by  pulmonologists 


and  radiologists,  emphasizing  the  need  for 
collaboration  between  these  specialties  to 
understand  and  manage  patients  with  dif- 
fuse lung  disease.  The  book  is  organized 
into  I  I  chapters  for  a  total  of  322  pages. 
There  are  19  contributors,  all  but  two  of 
w  hom  are  from  the  same  institutitni:  the  Uni- 
versity of  Colorado  Health  Sciences  Center 
in  Denver.  The  authors  include  academic 
subspecialty  thoracic  radiologists,  pulmo- 
nary medicine  physicians,  and  pathologists. 

The  introductory  chapter  reads  very  well 
and  has  excellent  references.  Chapter  2.  on 
the  pathology  of  diffuse  lung  disease,  is  but 
a  brief  overview.  In  that  chapter,  the  au- 
thors avoid  controversial  issues  of  cla.ssifi- 
cation  of  some  diffuse  lung  diseases  such  as 
is  found  with  desquamative  interstitial  pneu- 
monitis, respiratory  bronchiolitis,  and  respi- 
ratory bronchiolitis-interstitial  lung  disease. 
In  additit)n.  the  authors  have  used  inconsis- 
tent nomenclature  for  the  disease  now  called 
pulmonary  Langerhans  cell  histiocytosis. 
The  authors  have  used  the  older  terms, 
eosinophilic  granuloma  and  histiocytosis 
X.  in  other  parts  of  the  book.  Admittedly 
picky,  there  are  other  minor  inconsistencies 
in  some  of  the  material  within  the  text,  which 
with  multiple  authors  is  difficult  to  avoid. 
For  example,  bronchiectasis  is  defined 
as  apenmineiil  abnormal  dilation  of  the  air- 
ways in  one  chapter,  whereas  another  chap- 
ter describes  so-called  "revcrsihlv  bronchi- 
ectasis." 

Chapter  3  is  an  excellent  chapter  in  w  hich 
the  radiologic  diagnosis  of  diffuse  lung  dis- 
ease is  discussed.  One  of  the  best  features 
of  this  book  is  the  inclusion  of  the  authors" 
obvious  fomiidable  clinical  experience;  af- 
ter the  usual  ditferential  diagnosis  is  pre- 
sented, the  authors  boil  down  the  differen- 
tial diagnosis  to  what  we  are  likely  to  find 
in  ""actual  clinical  practice.""  However,  read- 
ers of  this  book  should  be  cautioned  that 
their  ""actual  clinical  practice"  w  ill  varv  and 
may  not  be  similar  to  that  seen  in  the  teniar>' 
referral  center  in  which  the  authors  work. 

Chapter  4  emphasizes  the  clinical  history 
and  presentation  as  well  as  the  prognosis 
and  outcome  in  patients  with  dittuse  lung 
disease.  This  is  probably  the  strongest  chap- 
ter in  the  book.  There  is  a  very  nice  review 
of  pulmonary  function.  The  authors  present 
conflictinu  literature  and  make  insightlul 
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summaries  of  ihc  conflicting  lilcralure,  even 
addrcssinj;  subtle  or  minute  ureas  ot  interest 
and  argument  in  these  areas  of  disagree- 
ment. The  authors  have  the  ability  and 
wherewithal  to  tackle  controversial  subjects 
by  asking  and  answering  their  own  ques- 
tions w  ith  a  scholiirly  assessment  of  the  lit- 
erature, flavored  subtly  with  their  own  ex- 
periences. 

The  chapter  on  pediatric  diffuse  lung  dis- 
ease is  somewhat  a  rehash  of  many  parts  of 
the  remainder  of  the  book,  but  from  an  in- 
teresting pediutric  perspecti\e.  The  last  chap- 
ter on  quantification  of  diffuse  lung  disease 
is  purely  tor  the  academic  researcher  only. 

The  authors  make  judicious  use  of  ta- 
bles. There  is  uniform  image  size  in  2  col- 
umns. The  image  placement  in  the  text  some- 
times leads  to  a  little  "hunting  about" 
between  the  image  and  the  image  anchor  in 
the  text.  The  images  presented  are  the  "clas- 
sic" presentations;  emphasis  is  not  placed 
on  the  spectrum  of  disease  presentation.  The 
image  quality  is  somew  hat  inferior  through- 
out the  book,  with  many  of  the  computed 
tomography  scans  appearing  washed-out.  at 
least  in  my  copy.  For  example,  neither  air 
trapping  nor  ground  glass  opacity  ;ire  seen 
very  well  in  Figures  6-10  and  6-11.  re- 
spectively. TTiis  may  reflect  on  the  publisher 
or  printer  more  than  on  the  authors. 

A  text  to  which  this  book  can  be  rightly 
compared  is  High  Resuhilum  CTofihe  Lung 
by  Drs  Webb,  Miiller,  and  Naidich.  the  third 
edition  of  vnhich  was  published  by  Lippin- 
cott  Williams  &.  Wilkins  in  the  same  year  as 
this  volume.  Whereas  Dr  Webb's  book  em- 
phasizes the  high-resolution  computed  to- 
mography appearance  of  disease  and  is  more 
or  less  orgiini/ed  by  high-resolution  com- 
puted tomography  pattern,  this  book  is  or- 
ganized by  disease.  In  other  words,  there  is 
similar  overall  material  in  the  2  books,  with 
different  packaging  of  that  material. 

This  book  will  be  of  greatest  interest  only 
to  the  most  dedicated  of  sub-specialist  in 
chest  radiology  and  pulmonologists  with 
strong  interest  in  imaging. 

Certainly  this  book  is  an  excellent  reler- 
ence  source  for  a  scholariy  distillation  of 
the  radiological/pathological/clinical  litera- 
ture of  diffuse  lung  disease.  a.s  of  the  time 
of  the  writing  of  the  book  in  1999 

Eric  J  -Stern  Ml) 

Department  of  Radiology 

Harborview  Medical  Center 

University  of  Washington 

Seattle,  Washington 


Casf  Rt\li-«:  ThoriKic  lnui){iiiK.  Phillip 
M  Hoiscllc  MU  and  Iheresa  C  Mcl.oud 
MD.  (Case  Review  Series.  David  M  Yousem 
MD.  .Series  Fditor  )  St  Louis:  Mosby.  2(X)I. 
Solt-cover.  illustrated.  ISI  pages.  S39.9.S. 

The  Cosv  Review  Series  and  The  Requi- 
sites are  2  sets  of  radiology  texts  designed 
for  radiology  students,  whether  it  be  in  a 
radiology  residency  or  lellowship  program, 
a  corresponding  surgical  or  medical  subspe- 
cialty program,  or  a  clinical  practice  where 
accurate  radiography  interpretations  are  rou- 
tinely called  for.  Each  set  of  texts  is  broken 
down  into  subspecialty  iireas.  for  example, 
in  this  instance.  Case  Review:  Thoracic 
Imaging  (the  focus  of  this  review)  and  Tho- 
nicic  Radiology:  The  Requisites  (previous- 
ly reviewed  in  Respiratory  CARtO.' 

Thoracic  Radiology:  The  Requisites  is  a 
textbook  encompassing  diseases  of  the  chest 
and  was  w ritten  by  Dr  TTieresa  McLoud.  a 
WDrld-rcnowned  chest  radiologist  at  Massa- 
chusetts General  Hospital.  Harvard  Medical 
Schixil.  and  4  distinguished  ass(K'iates.  Dr 
Meenakshi  Bhalla.  Dr  Jo-Anne  O  Shepard. 
Dr  Beatrice  Troiman-Dickenson.  and  Dr 
Phillip  .\1  Boiselle.  Case  Review:  Thoracic 
Imaging  is  a  constellation  of  150  clinical, 
thoracic  radiology  test  cases  written  by  Dr 
Boiselle.  Director  of  Thoracic  Imaging  at 
Beth  Israel  Deaconess  Medical  Center.  Har- 
\ard  Medical  School,  in  conjunction  with 
Dr  McLoud. 

Case  Review:  Thoracic  Imaging  is  an 
extremely  well  wrillcn  work.  Whereas  other 
publications  of  this  type  (case  presentations 
and  atlases)  frequently  leave  the  reader  w  ith 
a  feeling  of  dissatisfaction  because  of  the 
bre\  ity  of  information  conveyed  or  the  frag- 
mentation of  the  sentences  used.  Case  Re- 
view: Thoracic  Imaging  is  an  enjoyable 
and  satisfying  read.  One  to  three  radiologic 
images  are  accompanied  by  4  questions  con- 
cerning normal  or  abnormal  anatomy,  ra- 
dit)logic  findings  or  signs,  differential  diag- 
nosis, pathogenesis,  clinical  correlates 
(signs/symptoms/results  of  other  clinical 
tests),  sensitivity  and  specificity  of  radio- 
logic tests,  staging,  imaging  protocols,  the 
use  of  different  imaging  modalities,  etc.  Un- 
avoidably, answers  to  early  questions  are 
often  revealed  in  subsequent  questions.  This 
does  not  detract  seriously  from  the  value  of 
the  book,  as  the  reader  can  cover  up  subse- 
quent questions.  There  are  usually  2  cases 
per  page,  with  answers  to  the  4  questions,  a 
single  reference  to  the  recent  radiology  lit- 
erature, a  cross-reference  to  Thoracic  Imag- 


ing: The  Requisites,  and  a  short  discussion 
of  the  radiologic  findings  and  the  disease 
entity  on  the  following  page.  A  space  for 
notes  is  included  at  the  end  of  each  case  but 
is  frequently  t(K)  small  to  be  of  any  utility. 

The  book  is  divided  into  3  sections,  based 
on  the  level  of  difficulty  of  the  ca.se.  The 
first  section.  "Opening  Round."  consists  of 
.3.3  cases  with  questions  appropriate  for  med- 
ical students  or  first  and  second  year  radi- 
ology residents.  Topics  covered  include  lung 
cancer,  pneumothoraces.  asbestos-associ- 
ated pleural  plaques,  venous  catheter  posi- 
tions, spine  fracture,  emphysema,  miliary 
tuberculosis,  chest  wall  ma.sses.  lobar  col- 
lapse, pulmonary  arterial  hypertension, 
mediastinal  hematoma,  sarcoidosis,  lung 
trauma,  pneumomediastinum,  pleural  ma- 
lignancy and  effusions,  esophageal  ma- 
lignancy, solitary  pulmonary  nodule, 
pneumonia,  diffuse  lung  consolidation, 
bronchiectasis,  mycetoma,  cavitary  masses, 
mediastinal  masses,  and  lung  segments  us- 
ing conventional  chest  radiographs  and  com- 
puted tomography  (CT).  Image  quality  is 
usually  excellent.  A  few  of  the  chest  radio- 
graphs are  dark  (cases  1,  21,  22,  26,  28,  32, 
and  33).  Coned  images  enhance  the  dem- 
onstration of  subtle  anatomy  (case  20)  or 
pathology.  Only  1  typographic  error  was 
found  in  this  section  (case  27.  condition  mis- 
spelled "condtion"). 

The  second  section.  "Fair  Game."  con- 
sists of  63  ca.ses  using  nearly  all  the  modal- 
ities of  chest  imaging:  chest  radiography, 
conventional  and  high-resolution  CT.  mag- 
netic resonance  imaging,  and  nuclear  med- 
icine ventilation-perfusion  scans.  The  ques- 
tions in  this  section  are  more  sophisticated 
than  in  the  first,  and  appropriate  for  third  or 
fourth  year  radiology  residents;  fellows  in 
chest  radiology,  pulmonary  and  critical  care 
medicine  and  thoracic  surgery;  and  practic- 
ing ph\  sicians  and  radiologists.  Topics  cov- 
ered in  the  "Fair  Game"  section  include  me- 
diastinal masses,  silicosis,  interstitial 
fibrosis,  tuberculosis,  interstitial  pulmonary 
edema,  bronchiectasis,  arteriovenous  mal- 
formation, aortic  aneurysm,  pulmonary  in- 
farction, acquired  immunodeficiency  syn- 
drome (AIDS)-related  lymphoma,  lipoid 
pneumonia,  lobar  collapse.  Wegener's  gran- 
ulomatosis, lymphangioleionnomatosis, 
pneumonia  in  immuntKompromised  hosts, 
lymph  node  calcification,  septic  infarct, 
bronchopleural  fistula,  superior  sulcus  tu- 
mor. histi(X.'ytosis  .X.  lymphangilic  spread 
of  tumor,  lung  cancer-nodal  staging,  medi- 
astinal liptimatosis,  azygos  continuation  of 
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the  inferior  vena  cava,  solitary  pulnionar) 
nodule,  traumatic  diaphragmatic  rupture, 
sternoclavicular  joint  dislocation,  tracheos- 
tomy tube  complicalions.  rounded  atelecta- 
sis, sarcoidosis,  carcinoid.  Hoerhaave  syn- 
drome, Kaposi  sarcoma,  bullae/emphysema, 
endobronchial  metastases,  chest  wall  li- 
poma, apical  capping,  bleomycin  toxicity, 
superior  vena  cava  syndrome,  hypertrophic 
pulmonary  osieoarthropalliy.  chest  wall  he- 
matoma, enchondroma.  pericardial  et't'usiou, 
bronchiectasis,  achalasia,  internal  mammary 
Ivmphadenopathy.  and  transthoracic  needle 
biopsy.  The  image  quality  in  this  section  is 
excellent:  in  particular,  many  of  the  HRCT 
images  show  exquisite  detail  (cases  37,  52. 
60.  61.  82.  92.  95).  A  few  of  the  chest  ra- 
diographs are  suhoptimal.  hindering  identi- 
fication of  the  radiographic  abnormality  (cas- 
es 39.  40.  91).  There  were  no  typographic 
errors  in  this  or  the  following  section. 

The  third  section,  entitled  "Challenge." 
includes  ."iS  cases  addressing  unusual  dis- 
ease entities  and  requiring  more  advanced 
interpretive  skills  in  high-resolution  CT.  the 
various  pulse  sequences  of  magnetic  reso- 
nance imaging,  and  even  conventional  to- 
mography (cases  99.  137.  144).  A  wide  va- 
riety of  topics  are  covered,  including  chronic 
eosinophilic  pneumonia,  right  paratracheal 
air  cyst/diverticulum.  sternal  dehiscence, 
mediastinitis.  pulmonary  gangrene.  o:-l -an- 
titrypsin deficiency.  Ritalin  lung,  bronchi- 
olitis obliterans,  metastasizing  leiomyoma, 
asbestosis.  post-pneumonectomy  syndrome. 
Mounier-Kuhn  syndrome,  allergic  broncho- 
pulmonary aspergillosis,  alveolar  proteino- 
sis, tracheomalacia,  tracheal  malignancies, 
mucoid  impaction,  fibrous  tumor  of  the 
pleura,  complications  of  heart,  lung,  renal 
and  bone  marrow  transplantation,  acute  and 
chronic  pulmonary  embolism,  endobron- 
chial obstruction,  metastatic  thyroid  carci- 
noma. Castleman  disease,  thrombosed  sac- 
cular thoracic  aortic  aneurysm,  relapsing 
polychondritis.  Swyer-James-Macleod  syn- 
drome, Mycobacterium  aviiiin-iutiacellu- 
lure  complex,  congenital  bronchial  branch- 
ing anomalies,  aberrant  right  subclavian 
artery  with  dissection,  sequestration,  airway 
tuberculosis.  AIDS,  pulmonary  edema  in 
pregnancy,  lipomatous  hypertrophy  of  the 
interatrial  septum,  bronchiolitis  obliterans 
organizing  pneumonia,  complicalions  of  tra- 
cheal stenting,  thymic  cyst,  amiodarone  tox- 
icity, sarcoidosis,  saphenous  vein-graft 
pseudoaneurysm,  small  airways  disease  in 
AIDS  and  non-AIDS.  pulmonary  veno-ix;- 
clusive  disease,  tracheal  papillomatosis,  id- 


iopathic tracheal  stenosis,  echinocix'cal  dis- 
ease, mosaic  pattern  of  lung  attenuation, 
bronchial  rupture,  post-traumatic  stricture, 
and  chronic  berylliosis.  The  images  in  this 
section  are  of  excellent  quality.  Use  of  multi- 
planar images  (cases  99,  1 12.  1  13.  I  19.  132. 
13,>.  1-14.  14.^1  nicely  demonstrate  normal 
and  abnormal  anatomy,  particularly  the 
cases  of  airway  stenosis,  where  coronal  or 
sagittal  planes  show  the  abnormality  to  bet- 
ter advantage  than  axial  images.  In  case  13.'i. 
(fractured  airway  stent),  it  should  be  pointed 
out  that  there  are  2  types  of  stents:  a  metal- 
lic, self-expandable  stent,  which  is  easily 
inserted  but  difficult  to  remove  (it  becomes 
incorporated  into  the  wall  of  the  airway), 
and  a  silastic  stent,  which  is  more  diffi- 
cult to  place  but  is  easily  adjusted  or  re- 
moved. Other  than  this  one  point,  the  com- 
ments are  exceedingly  accurate  and  the 
compromise  between  detail  and  brevity 
highly  commendable. 

The  authors  are  successful  in  achieving 
their  first  goal,  which  is  to  review  and  il- 
lustrate a  wide  variety  of  thoracic  diseases 
with  which  a  graduating  radiology  resident 
should  be  familiar.  Although  the  title  "TTio- 
racic  Imaging"  is  used,  there  is  a  deficit  in 
the  coverage  of  cardiac  diseases,  which  is 
not  unique  to  this  text.  The  authors  are  less 
successful  in  achieving  their  second  goal, 
which  is  to  "help  the  reader  develop  a  sound 
framework  with  which  to  approach  image 
interpretation  in  thoracic  radiology."  One 
could  actualize  this  goal  using  a  more  or- 
deriy  sequence  of  questions  in  the  first  sec- 
tion. A  series  of  cases  could  be  used  to  present 
and  expand  on  interpretive  concepts,  such  as 
the  distinction  of  pleural  versus  parenchy- 
mal lung  abnormalities,  interstitial  versus  al- 
veolar-filling patterns,  and  high-resolution 
CT  of  infiltrative  lung  disorders. 

Case  Review:  Thoracic  Imaging  is  an 
outstanding  and  affordable  review  of  extra- 
cardiac,  chest  disease.  I  would  highlv  rec- 
ommend its  use  by  all  residents  in  diagnos- 
tic radiology,  fellows  in  thoracic  or 
pulmonan.  surgerv .  medicine,  and  radiology, 
and  to  any  phvsician  involved  in  the  inter- 
pretation of  radiologic  images  of  the  chest. 

Julie  E  Takasugi  MD 

Department  of  Radiology 

Puget  Sound  Veterans  Affairs 

Healthcare  System 

University  of  Washington 

Seattle.  Washington 
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1  Miirton  DW.  Review  of:  Thoracic  radiol- 
ogy: the  requisites  (book  review).  Respir 
Care  iyW;44(')|:l  I.'*?. 

Imaging  of  Diseases  of  the  Chest,  3rd  edi- 
tion. Peter  Armstrong.  .Man  G  Wilson.  Paul 
Dee.  and  Da\  id  M  I  lansell.  London:  Mosby. 
2000.  Hard-cover,  illustrated.  1039  pages, 
$199. 

The  second  edition  of  Imaging  of  Di.s- 
eases  of  the  Chest  published  ui  \'-M5  is  one 
of  the  most  popuUu-  and  widely  read  chest 
imaging  text  books.  Like  it  predecessor,  the 
present  edition  is  suitable  for  radiology  res- 
idents, radiology  and  pulmonan.  medicine 
fellows,  and  practicing  radiologists,  inter- 
nists, and  pulmonary  medicine  specialists. 
This  text  not  only  gives  readers  an  imaging 
knowledge  in  chest  disease  but  also  has  a 
good  review  of  normal  anatomy  of  the  lung, 
pleura,  and  mediastinum,  as  well  as  physi- 
ology of  the  pleura,  and  a  very  good  corre- 
lation with  the  clinical  aspects  of  each  dis- 
ease as  well.  All  of  the  18  chapters  in  this 
textbook  are  divided  into  3  main  categories, 
including  ( 1 )  technique  of  chest  imaging. 
( 2 )  anatomy  of  the  chest,  and  (3)  diseases  of 
the  chest. 

The  first  main  category  leads  off  with  a 
discussion  of  the  technique  of  chest  imag- 
ing, including  conventional  films  as  well  as 
special  techniques  such  as  computed  tomog- 
raphy (CT).  high  resolution  computed  to- 
mography (HRCT  l.  magnetic  resonance  im- 
aging, and  interventional  radiology  of  the 
chest.  However,  there  is  no  discussion  of 
nuclear  medicine.  Typical  protocols  for  CT 
scanning  in  some  important  diseases  such 
as  lung  cancer  staging,  single  pulmonary 
nodule,  thoracic  aorta,  and  large  airways  are 
presented.  Clinical  indicafions  for  CT  scan 
of  the  chest  are  also  prov  ided.  Because  of 
the  importance  of  HRCT  in  chest  imaging. 
HRCT  of  the  lung  has  been  added  as  one  of 
the  chapters  in  Ihis  new  edition.  This  new 
chapter  includes  the  technique  of  HRCT. 
indications  lor  HRCT.  and  protocols  tor  dis- 
eases. Since  HRCT  is  such  a  large  topic,  it 
is  impossible  to  give  all  of  the  detail  of 
HRCT  in  only  one  chapter.  However,  it  does 
provide  the  readers  with  a  good  summaiy. 

The  diseases  are  di\  ided  according  to  the 
panem  of  the  lung  abnonnality.  such  as  re- 
ticular pattern,  nodular  pattern,  ground  glass 
opacity  and  increased  lung  density,  cystic 
air-space,  distribution  of  disease,  and  air- 
wav  disease.  Interventional  radiolosiv  of  the 
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chesl  is  discussed  in  the  last  chapter,  includ- 
ing percutaneous  needle  biopsy,  percutane- 
ous drainage  of  intrathoracic  tluid  collec- 
tion, bronchial  angiographs/eniboli/ation. 
tracheobronchial  stents  and  su|XTior  vena 
cava  stents.  Indications,  contraindications, 
techniques,  and  complications  of  each  pro- 
cedure are  also  pointed  out. 

The  second  main  category  provides  a 
good  basic  knowledge  of  intrathoracic  anat- 
omy, as  well  as  variations  of  normal  anat- 
omy. In  Chapter  .V  the  authors  discuss  im- 
portant tlndings  and  signs  in  chest  imaging, 
lor  example,  the  "silhouette  sign"  and  the 
"air  bronchogram  sign."  All  of  these  arc 
demonstrated  by  exemplaiy  cases,  mostly 
with  conventional  radiographs. 

The  third  main  category  is  mainly  fo- 
cussed  on  diseases  of  the  lung.  They  are 
divided  into  infection  disea.se.  neoplasm, 
pulmonary  vascular  disease,  inhalation  dis- 
ease, drug  and  radiation-induced  disease,  im- 
munologic disease,  congenital  disease, 
trauma,  and  miscellaneous  lung  diseases. 
Each  of  these  categories  receives  a  chapter, 
whereas  other  parts  of  the  chest,  such  as  the 
pleura,  mediastinum,  and  airway,  include 
all  disease  categories  within  only  one  chap- 
ter (for  example.  Chapter  14.  "The  Pleura 
and  Pleural  Disorders").  Because  of  the 
worldwide  prevalence  of  acquired  immuno- 
deficiency syndrome,  the  authors  separate 
this  topic  into  its  own  chapter. 

■Ml  chapters  are  concise,  readable,  and 
well-organi/.ed.  Each  chapter  begins  with  a 
topic  outline,  which  gives  the  readers  a  good 
scope  before  going  into  the  detail  of  dis- 
ease. Each  disease  category  begins  with  an 
importaiilclinicai  summary  and  follows  with 
excellent  radiographic  examples,  most  of 
which  iu'e  from  conventional  radiographs, 
but  there  arc  plenty  of  CT  scan  correlations 
as  well. 

The  clinical  aspects  provided  in  this  text 
are  an  important  feature.  F-'or  example,  lung 
cancer  can  be  more  accurately  staged  if  ra- 
diologists understand  the  tumor-node-me- 
tastasis classification,  as  noted  in  Chapter  7. 
"Neoplasms  of  the  Lungs.  Airways,  and 
Pleura."  The  indices  and  references  in  this 
textbook  arc  excellent. 

This  textbook  is  very  large,  and  as  such 
it  is  best  used  as  a  reference  and  is  less 
suitably  (though  it  is  certainly  not  designed 
to  be)  used  as  a  handbook.  The  images  are 
excellently  reproduced.  Because  this  book 
is  so  easy  to  read.  I  highly  recommend  it  to 


all  radiology  libraries,  and  to  all  physicians 
with  special  niteresi  in  un.iL'iiiL'  ol  llic  chest. 

Ni.su  1  litxiiigsuwan  .MO 

Icllow 

Thoracic  Radiology 

Hiirborview  Medical  Center 

University  of  Washington 

.Seattle.  Washington 

Respiratory  Care  l'A|uipmen(.  2nd  edition. 
Richard  D  liiansoii  RR  I .  Dean  R  Hess  PhD 
RRT.  and  Robert  1,  Chatburn  RRT.  Editors. 
Philadelphia:  Lippincott  Williams  & 
W  ilkins  1999.  Hard-cover,  illustrated,  754 
pages  plus  index,  $59. 9.5. 

Respiratory  care  practice  is  a  technolo- 
gy-related science  that  has  w  itnessed  the  de- 
velopment and  advancement  of  respiratory 
care  equipment  as  the  specialty  has  evolved. 
The  practitioner  who  has  been  at  patient 
bedsides  tor  the  past  25  or  more  years  can 
attest  to  the  dramatic  changes  in  the  equip- 
ment required  for  the  clinician  to  practice  in 
the  accustomed  manner.  These  rapid  ad- 
vances can  pose  an  education  challenge  for 
clinicians  aspiring  to  remain  on  top  of  their 
practice.  My  first  reference  book  on  respi- 
ratory care  equipment,  Fimdamenuil  Respi- 
rahn-y  Therapy  Ecjuipiiwiit  by  Rau  and  Rau. 
was  a  valued  addition  to  my  respiratoiy  li- 
brary in  the  mid-197()s.  However,  as  respi- 
ratory care  knowledge  has  evolved,  so  have 
the  bix)ks  designed  to  educate  the  practitio- 
ner on  respiratory  equipment.  The  infonna- 
tion.  layout,  and  detail  offered  in  contem- 
porary respiratory  equipment  books  are  a 
miu'ked  improvement  over  the  original  texts. 
There  are  2  contemporary  respiratory  equip- 
ment books  on  the  market  that  address  sim- 
ilar issues  (eg.  gas  principles,  medical  gas 
generation  and  storage,  gas  delivery  systems, 
artificial  airways,  manual  resuscitators.  bed- 
side iiuniitoring.  blood  gas  measurement, 
ventilation  (mechanical,  transport,  noninva- 
sive, home,  high-frequency  I )  to  the  second 
edition  of  Respiratory  Care  Equipment. 
Principles  iiiui  Applications  of  Cardiorcspi- 
ralory  Care  Et/iiipnwnl.  edited  by  Eubanks 
and  Bone,  was  released  in  1994.  The  major 
topics  addressed  in  Eubanks  and  Bones 
book  are  comparable  to  chapters  in  the  newer 
edition  of  Branson's  book.  The  second  book, 
also  published  in  1999,  is  the  sixth  edition 
of  the  biH)k  originally  written  by  Steven  P 
McPherson,  Moshy's  Respiratory  Care 
Equipment,  now  edited  by  Cairo  and  Pil- 
beam.  Chapters  presented  in  that  book  are 
similar  to  Branson  et  als  book,  with  the 


exception  that  Cairo  and  I'ilbeam's  b<K)k 
devotes  a  chapter  to  sleep  diagnostics.  Ad- 
iliiioM.ilK.  Respiratory  Care  Kquipmcnt 
extends  to  include  topics  such  as  inhaled 
nitric  oxide,  extracorporeal  life  support, 
health  inlorniation  systems,  and  mecha- 
nisms to  evaluate  and  monitor  the  multiple 
medical  devices  on  the  market. 

Eighteen  authors  (including  the  editors, 
who  wrote  several  of  the  chapters)  contrib- 
uted to  this  book  of  2S  chapters.  The  list  of 
authors  is  a  talented  field:  many  are  familiar 
to  us  by  having  previously  published  in  Re- 

SIMR.VTOKV  CaRI  . 

The  book,  which  deals  with  somewhat 
dry  technical  information,  is  factually  writ- 
ten and  well  referenced.  The  b(K)k  has  rare 
misspellings  and  editing  errors  (eg.  Figures 
7-2  and  7-.^  are  switched,  and  laryngoscope 
blades  in  Figure  7-20  are  mislabeled),  but 
overall  the  text  represents  a  nicely  prepared 
work.  Several  changes  from  the  first  edition 
of  this  book  ( 1995)  have  been  made.  In  ad- 
dition to  updating  the  medical  devices  api- 
propriate  to  each  topic,  the  chapters  are 
lengthened  to  include  a  more  detailed  ac- 
counting of  (a)  cardiorespiratory  monitor- 
ing, (b)  noninvasive  ventilation,  (c)  princi- 
ples of  extracorporeal  life  support,  (d) 
medical  device  evaluation,  and  (e)  nitric  ox- 
ide inhalation.  Within  each  chapter,  trou- 
bleshooting boxes  have  been  included  to  ad- 
dress problems  commonly  encountered  with 
the  various  devices,  A  strong  feature  of  the 
first  edition,  the  inclusion  of  the  American 
Association  for  Respiratory  Care  Clinical 
Practice  Guidelines,  has  been  updated  and 
expanded  in  this  second  edition.  The  text  is 
complemented  with  the  addition  of  numer- 
ous tables,  figures,  and  equation  boxes.  A 
glossary  of  commonly  used  respiratory 
temis  is  again  included  at  the  end  of  the 
book. 

A  nice  addition  lo  the  second  edition  book 
is  a  studv  disk  \v  ith  -MS  questions  to  test  the 
reader  on  the  material  ottered  in  the  b>H)k. 
Each  question  provides  feedback  for  the  cor- 
rect answer.  The  program  works  with  Mi- 
crosoft Windows  .'^.1  or  Windows  95. 

This  book  will  make  an  excellent  resource 
book  for  students  of  respiratory  care  w  hose 
goal  is  to  assimilate  the  principles  of  con- 
Icmporarv  equipment  usage.  SimilarK.  the 
second  edition  of  Respiratory  Care  Kquip- 
ment  will  serve  as  an  easily  accessible  k- 
source  book  for  those  respiratory  therapy 
clinicians  in  need  of  updating  their  knowl- 
edge of  various  medical  de\  ices.  This  K>ok 
deserves  to  be  in  the  libraries  of  respiratory 
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therapy  programs,  depanmcnlal  libraries,  or 
in  the  home  lihiaries  ot  respiratory  clini- 
cians. 

Rex  A  Marky  MS  CRNA  RR  I 

Northern  Colorado  Anesthesia 

Professional  Consnltants 

loll  Collins.  Colorado 

Pharmacolof'y  for  Health  Professionals. 

tvelyn  .Salerno  RPh  PharniD.  Si  Louis: 
Mosby.  1999.  Soft-cover,  illustrated,  827 
pages  plus  appendixes.  $■^5. 

Respiratory  therapists  and  nurses  take  for 
granted  that  medication  administration  is  an 
integral  part  of  their  jobs.  While  the  job  of 
passing  pills  (or  nietered-dose  inhalers) 
seems  pretty  routine,  sate  medication  ail- 
ministration  requires  far  more  than  simple 
reading  ability.  The  wealth  of  knowledge 
one  must  possess  to  administer  medications 
safely  is  tremendous  and  growing  all  the 
time.  Clinicians  need  more  than  basic  un- 
derstanding of  physiology,  pathology,  chem- 
istry, and  microbiology  before  they  can  fully 
appreciate  the  actions  and  interactions  of 
specific  dmgs. 

Keeping  current  in  phaniiacology  has  be- 
come more  difficult  each  year,  as  new  prod- 
ucts are  added  to  already  lengthy  lists  of 
therapeutic  agents.  Not  only  does  informa- 
tion on  new  products  demand  attention,  but 
each  year  brings  to  light  new  data  on  estab- 
lished drugs.  For  authors  of  pharmacology 
books,  the  job  of  sifting  through  the  moun- 
tains of  available  intorniation.  to  separate 
the  wheat  from  the  chaff,  has  become  in- 
creasingly challenging  throughout  the  years. 

Pharmacology  for  Health  Profession- 
als hv  Kvelyn  Salerno  meets  this  challenge 
admirably.  This  well  organized  te,\t  offers  a 
satisfactory  compromise  between  huge 
chemistry-laden  medical  pharmacology 
te.xts  and  small  dnig  handbooks  that  are  too 
often  light  on  details.  Comprehensive  in  its 
scope,  this  book  begins  with  clearly  written 
sections  on  general  principles  of  pharma- 
ceutics and  pharmacokinetics.  Also  well  pre- 
sented are  chapters  on  substance  abuse, 
lifespan  considerations,  and  legal  issues. 

The  remainder  of  the  book's  18  general 
units  is  dedicated  to  specific  therapeutic 
agents.  Each  unit  focuses  on  physiologic 
systems  or  pathologic  processes.  System- 
focused  units  are  introduced  by  brief  hut 
helpful  reviews  of  normal  physiology.  Dis- 
cussion of  pathophysiology  in  each  chapter 
is  relatively  sparse,  but  it  is  clearly  written 
and  more  than  adequate. 


The  author  uses  the  "key  drug"  or  pro- 
uiiypc  metht)d  for  teaching  students  about 
large  classes  of  drugs.  From  each  general 
category  of  drugs,  one  or  two  specific  "key 
drugs"  are  selected  and  examined  in  depth. 
Drugs  selected  as  "key  drugs"  are  represen- 
tative ("prototypical")  of  all  drugs  within  a 
category.  Their  modes  of  action,  adverse 
effects,  interactions,  signs  of  overdose,  and 
a  variety  of  other  clinical  information  are 
presented.  Once  students  become  familiitf 
with  a  key  drug,  they  are  expected  to  ex- 
trapolate what  they  have  learned  to  other 
drugs  within  the  class.  This  approach  is 
based  on  the  usually  valid  assumption  that 
within  drug  classes,  major  similarities 
among  agents  far  outnumber  their  differ- 
ences. Given  an  ever-e.xpanding  list  of  ther- 
apeutic agents,  use  of  prototypes  seems  to 
be  the  only  practical  way  to  cover  them. 

Prototypes  help  students  appreciate  the 
shared  characteristics  of  drugs,  and  they 
spare  the  reader  from  lengthy,  redundant 
drug  monographs  common  to  most  texts. 
However,  they  lu-e  unable  to  help  one  learn 
about  the  unique  features  of  each  drug.  Spe- 
cific precautions, exceptionstogeneral  mles. 
interactions,  and  adverse  effects  can  differ 
greatly  from  one  drug  to  another  within  each 
class.  The  author  covers  these  exceptions 
and  differences  efficiently,  as  each  major 
drug  in  every  category  receives  its  own  brief 
exposition. 

The  book's  primary  emphasis  is  on  clin- 
ical relevance.  Offset  information  in  boxes 
focuses  on  the  practical,  such  as  duration  of 
action,  peak  serum  levels,  and  treatment  of 
overdose.  Extensive  discussions  of  biochem- 
istry are  less  evident  in  this  book  than  in 
many.  This  will  perhaps  increase  its  acces- 
sibility to  its  likely  audience  of  students  in 
2-year  nursing  or  respiratory  care  programs. 

Pharmacology  for  Health  Profession- 
als is  a  well  designed,  easy-to-read  book 
that  covers  a  gigantic  subject.  Its  3  tables  of 
contents  make  it  quick  to  reference,  although 
one  would  have  been  plenty.  Some  appen- 
dixes are  useful  and  unique  (eg,  "Drugs  that 
change  urine  or  stool  color"  and  "Time  to 
draw  blood  for  specific  medications"), 
w  hereas  others  are  perhaps  less  so  (eg,  "Sug- 
ar-free medications").  Illustrations  are  clear 
and  well  captioned;  there  are  just  enough  of 
them  to  be  helpful.  At  over  8(K)  pages,  the 
text  tests  the  limits  of  paper-back  binding. 
This  trade-off  translates  into  lower  prices 
for  students:  at  $4.5.  Salerno's  book  offers 
excellent  value,  covering  the  same  material 
as  other  pharmacology  texts  at  a  bargain 


price.  And  given  the  variety  of  competent 
pharmacology  texts  to  chiK)se  from,  cost  can 
end  up  as  the  deciding  factor  in  making 
course  selections. 

Roberl  W  Hirnle  MS  RRT 

Respirator)  Care  Program 

llighline  Community  College 

IX's  Moines,  Washington 

AIDS  Sourcebook,  2nd  edition.  Karen  Bel- 
lenir.  Editor.  (Health  Reference  Series)  De- 
troit: Omnigraphics.  1999.  Hard-cover,  il- 
lu.strated,  732  pages,  S78. 

The  second  edition  of  the  AIDS  Source- 
book is  an  updated  comprehensive  com- 
pendium of  infonnation  about  human  im- 
munodeficiency virus  (HIV I  infection  and 
AIDS  (acquired  immunodeficiency  syn- 
drome) written  for  HIV-infected  individu- 
als and  their  family  inembers,  caregivers  of 
HIV-infected  individuals,  and  the  general 
public.  This  volume  is  a  consummate  sur- 
vey, consisting  of  6  sections:  general  infor- 
mation regarding  the  virus  and  transmission, 
epidemiology.  HIV  treatment  guidelines  ( in- 
cluding prevention  of  opponunistic  infec- 
tions), HIV  prevention  strategies,  status  of 
clinical  trials  evaluating  new  therapies  and 
vaccines,  and.  lastly,  an  extensive  glossary 
of  HIV-related  temis,  including  listings  of 
resources  and  organizations  providing  as- 
sistance to  HIV-infected  individuals.  Devel- 
oping a  clear  understanding  of  this  disease 
can  be  challenging,  given  the  complexity  of 
HIV  pathogenesis  and  the  available  treat- 
ments, as  well  as  the  rapid  turnover  o\ 
information  in  this  field.  The  AIDS  Source- 
book offers  a  full  complement  of  informa- 
tion to  the  lay  person  from  which  to  establish 
a  foundation  of  know  ledge  about  HIV  and 
AIDS. 

TTie  AIDS  Sourcebook  is  inclusive  and 
well  organized.  Scientific  data  are  presented 
cleariv  and  succinctly  and  are  substantiated 
with  a  limited  number  of  references.  Many 
chapters  list  suggested  reading  for  further 
exploration  of  topics.  Several  chapters  con- 
tain entire  documents  or  excerpts  of  dcK-u- 
ments  from  a  number  of  gov  eminent  agen- 
cies involved  vv ith  HIV  research,  treatment, 
surveillance,  and  prevention.  For  example, 
the  chapter  devoted  to  antiretroviral  thera- 
pies contains  segments  from  "Guidelines  for 
the  L'se  of  Antiretroviral  Agents  in  HIV- 
infected  Adults  and  Adolescents."  These 
guidelines  include  the  principles  of  HIV 
treatment,  which  are  intended  for  use  by 
medical  professionals  in  decision-making 
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for  iniliation  of  amircirovirals  in  spd-ilk- 
circunislunccs.  This  inlDmiation  is  impor- 
tant, as  it  pitjvides  the  sound  basis  for  cur- 
rent interventions  in  HIV  infection.  Al- 
though often  sunimari/ed  for  patients  when 
treatment  issues  are  addressed,  these  prin- 
ciples of  therapy  ;u-e  rarely  presented  to  pa- 
tients in  such  degree  of  detail.  Tluuigh  these 
guidelines  and  frequent  updates  are  avail- 
able in  their  entirets  through  the  HIV/AID.S 
Trealnieiil  Inlorm.ition  .Services  V\'eb  site, 
the  AIDS  Suurccbuok  ol  ters  peninent  high- 
lights within  the  context  of  additional  infor- 
mation about  antiretnn  irals. 

While  much  of  this  publication  is  de- 
voted to  medical  management  of  HIV  in- 
fection, there  is  also  a  substantial  amount  of 
valuable,  practical  inlbrmation  addressing 
matters  such  as  eligibility  lor  Social  Secu- 
rity benelits  and  viaticals.  These  chapters 
provide  straightforward  descriptions  and 
suggestions  for  infomiation-gathering  and 
decision-making  tor  patients  faced  w  ilh  the 
challenges  of  HIV  disability.  Resources  for 
additional  information  are  included.  Other 
examples  of  very  practical  topics  include 
home  HIV  testing,  specific  measures  to  re- 
duce HIV  exposure  based  on  a  perswi's  piit- 
ticular  risk  profile,  interventions  to  promote 
optimal  nutrition  in  the  individual  experi- 
encing HIV-related  complications,  recom- 
mendations for  purchasing  a  water  filter  to 
eliminate  possible  infection  w  ith  cryptospo- 
ridiosis,  and  considerations  for  participating 
in  clinical  trials,  including  ideas  for  peni- 
nent questions  an  indi\  idual  could  pose  to 
study  personnel.  The  information  gleaned 
from  these  chapters  could  only  be  obtained 
from  a  team  of  seasoned  professionals,  mak- 
ing this  book  a  reference  for  down-to-earth 
aspects  of  living  with  HIV7.-\IDS. 

The  limitations  of  this  text  are  fourfold. 
While  the  overall  writing  style  of  this  text  is 
clear  and  readable,  the  AIDS  .Sourcebook 
is  primiunly  aimed  at  sophisticated,  knowl- 
edgeable readers.  As  an  example,  the  fol- 
lowing is  a  description  of  viral  load  mea- 
surement: "changes  in  viral  load  are  often 
reported  in  logarithmic  or  "log  changes." 
This  mathematical  term  denotes  a  change  in 
the  \alue  of  what  is  being  measured  by  a 
factor  of  10."  Many  patients  don't  have  the 
background  to  find  meaning  in  that  defini- 
tion. Individuals  with  HIV  infection  consti- 
tute a  varied  audience  with  diverse  literacy 
levels.  The  extensive  K8-page  glossary. 
which  is  one  of  the  highlights  of  this  book. 
makes  amends  for  this  discrepancv  with 
more  straightforward  definitions. 


There  is  a  general  inconsistency  in  pre- 
sentation of  information  in  this  book,  since 
some  of  the  chapters  arc  derived  from  diK'- 
uments  from  a  variety  of  agencies.  The  chap- 
ters written  from  a  practical  standpoint  are 
presented  in  a  more  simple  anil  direct  lor- 
mat,  with  bulleled  facts  and  recommenda- 
tions. Meanwhile,  chapters  describing  the 
immune  system.  HIV  replication,  surveil- 
lance data,  and  treatment  aie  more  challeng- 
ing to  read  and  probably  require  a  college 
level  reading  capacity. 

Another  limitation  relates  to  discussion 
of  HIV  diagnoses  such  as  opportunistic  in- 
tections.  These  chapters  focus  on  aspects  of 
prevention  rather  than  treatment  and  are  lim- 
ited to  Mycohacleriiim  iniiim  complex. 
Pneumocystis  carinii  pneumonia,  fungal  in- 
leclions.  cryptosporidiosis.  toxoplasmosis, 
tuberculosis,  cytomegalovirus,  HIV  wast- 
ing, and  Kaposi  sarcoma.  One  important  ab- 
sence is  that  of  cervical  dysplasia  and  inva- 
sive cervical  cancer.  These  diagnoses,  along 
v\ith  chronic  \ulvo-vaginal  candidiasis  and 
pehic  infiammatory  disease,  are  the  only 
HIV-related  diagnoses  specific  to  women. 
Two  pages  alone  in  a  single  chapter  ;ire  de- 
voted to  the  gynecologic  issue  of  llucona/ole 
adminisu-ation  to  prevent  yeast  vaginitis.  This 
volume  repeals  the  often-encountered  prob- 
lem of  not  addressing  concerns  of  women 
beyond  perinatal  transmission. 

An  important  limitation  is  generic  to  any 
HIV-related  publication.  With  the  rapid 
emergence  of  new  data,  new  treatments,  and 
new  guidelines,  published  information  be- 
comes obsolete  almost  immediately.  The  ed- 
itor deals  with  this  matter  specifically  by 
listing  Web  sites  and  other  references  for 
accessing  the  most  current  recommenda- 
tions. One  final  concern  regiu'ding  this  vol- 
ume is  that  despite  the  completeness  and 
wealth  of  resources,  the  cost  of  S78  is  likely 
to  be  prohibitive  for  many  patients. 

In  summary .  the  .\IDS  Sourcebook  is  a 
comprehensive  reference  with  ulililv  lor  a 
knowledgeable  lay  person.  Despite  the 
aforementioned  limitations,  this  book  pro- 
vides excellent  descriptions  of  the  HIV  in- 
fection process,  treatment  of  the  disease,  and 
prevention  of  transnussion,  as  well  as  prac- 
tical .suggestions  for  the  HIV-infected  indi- 
vidual negotiating  treatment,  financial,  psy- 
chological, and  day-to-day  practicalities. 

Sharon  K  .Martens  .MN  1  .M' 

Madison  Clinic 

ll.irboi-view  Medical  Center 

Seattle,  Washinaton 


Quick  RefiTt-nci'  to  Critical  Care.  Nancy 
II  l:)ieivnbnK.k  KN  I'hiladelphia:  Lippin- 
cott  Williams  &  Wilkins.  IWV,  ,Soft-covcr. 
illustrated.  ?\»  pages.  S24.95. 

In  the  clinical  arena,  memory  lapses  re- 
lated to  minute  details  may  be  critical  to 
patient  care.  It  is  with  this  premise  in  mind 
that  Nancy  Diepenbrock  RN  wrote  Quick 
Reference  to  Critical  Care  for  the  critical 
care  nurse.  Tlie  purpose  of  the  lx)ok.  as  al- 
luded to  in  the  title,  is  to  offer  "quick  facts 
and  quick  solutions"  when  time  is  of  the 
utmost  importance — just  enough  informa- 
tion to  jar  the  nurse's  memory — leaving  de- 
tailed infonnation  to  more  comprehensive 
textbooks. 

Nurses,  students,  and  residents  "who 
can't  remember  everything"  served  as  the 
impetus  in  the  writing  of  this  reference  man- 
ual. This  alleged  "pert'ect  bedside  resource" 
is  a  5  X  8-inch.  318-page  book  that  is  small 
enough  to  slip  into  a  lab  coat  pocket.  It  is 
arranged  in  1 1  chapters.  Each  chapter  is  or- 
ganized alphabetically,  with  extensive  in- 
tra-chapter  cross-referencing.  Each  of  the 
first  7  chapters  corresponds  to  a  body  sys- 
tem: neurologic,  cardiovascular,  pulmonary, 
gastrointestinal/urinary,  renal,  endocrine, 
and  hematologic/immune.  Each  chapter  con- 
tains a  variety  of  topics  pertinent  to  the  spec- 
ified body  system.  Chapter  8.  entitled 
"Drugs,  Doses,  and  Tables,"  serves  as  a  ref- 
erence for  drugs  often  adininistered  in  the 
intensive  care  setting.  The  bulk  of  the  drugs 
listed  in  this  section  fall  into  the  category  of 
vasoactive  substances  ;uid  include  a  descrip- 
tion of  tlie  drug,  ;ui  intusion  liible,  and  a  chart 
to  summarize  the  cardiovascular  effects  of  the 
drug.  Chapter  9.  entitled  "Conversions.  Calcu- 
lations. Compatibility."  contiiins  useful  infor- 
mation regarding  height,  weight,  temperatun;. 
and  dose-equiv alent  conversion  ch;irts.  Two 
methods  for  calculating  infusion  rates  and 
information  on  intravenous  therapy  round 
out  this  short  chapter. 

The  focus  of  Chapter  10  is  nomial  lab- 
oratory values.  Tliis  chapter  includes  3  ref- 
erenced charts,  with  the  remainder  of  the 
chapter  (pages  282-289)  containing  unref- 
erenced lab  values.  Finally,  Chapter  II. 
"Miscellaneous,"  is  a  hixlgepixige  of  useful 
reference  information  ranging  from  the  Uni- 
versal Precaution  Guidelines  of  the  Occu- 
pational Safetv  and  Health  .Administration 
to  the  .AP.ACHE  (acute  physiology  and 
chronic  health  evaluation)  severity  of  dis- 
ease classification.  Some  infonnation  con- 
tained w  ithin  this  chapter  is  redundant;  for 


Rf.spir.atorv  Cari;  •  Skith.mbi  r  2001  Vol  46  No  9 


953 


Books,  Films,  Tapes,  &  Soitware 


example,  signs,  sym|-Hiims.  and  frei.|iienlly 
used  terms  arc  all  listed  and  defined  in  ear- 
lier chapters  but  reiterated  in  this  section. 

The  major  strength  of  this  book  is  the 
many  charts  and  figures,  taken  from  approx- 
imately 10  sources.  These  charts  and  fig- 
ures provide  useful  infomiation  and/or  de- 
tailed medical  illustrations;  for  example,  the 
external  ventricular  drainage  system  dia- 
gram on  Page  31  is  well  labeled  and  useful. 
Numerous  mnemonics  and  a  complete  in- 
dex also  add  to  the  value  of  this  book. 

The  primary  weakness  of  the  manual  is 
that  the  only  referenced  information  is  that 
contained  in  the  figures  and  chans.  The  ac- 
curacy of  all  other  information  contained  in 
the  manual  is  dependent  on  the  expertise  of 
the  author.  Unfortunately,  the  manual  con- 
tains many  errors  and  inconsistencies  in  the 
information  as  printed.  A  sampling  of  some 
of  the  book's  errors  follows: 

An  incorrect  formula  for  calculating  the 
systetnic  \ascular  resistance  (.SVR)  on  Page 
1 19:  SVR  =  (MAP-CVP)/CO.  Compare 
the  correct  formula  (published  in  Morgan's 
Clinical  AnestlwsiDlogy):  SVR  =  (MAP- 
CVP  X  80)/CO.' 

On  Page  125,  digitalis  is  recommended 
for  the  treatment  of  WPW  (Wolf-Parkin- 
son-Whitel  syndrome.  Barash  recommends 
that  digitalis  be  avoided  with  the  WPW  syn- 
drome patient  since  it  increases  conduction 
through  the  accessory  bypass  tract  and  de- 
erea.ses  arteriovenous  node  conduction,  con- 
sequently resulting  in  increased  ventricular 
fibrillation  potential. - 


On  Page  210.  .Atldison  disease  is  incor- 
rectly related  to  hypolunction  ot  the  adrenal 
cortex  of  the  kidney  instead  of  the  cortex  of 
the  adrenal  gland.' 

On  Page  .^X  it  is  incorrectly  staled  that 
anticholinesterase  is  used  to  destroy  anti- 
bodies, when  in  fact  anticholinesterase  drugs 
bind  and  inactivate  the  enzyme  acetylcho- 
linesterase.' 

A  sampling  of  some  of  the  inconsisten- 
cies in  the  manual  include: 

When  referring  to  Page  127  for  informa- 
tion on  acid-base  balance,  the  nurse  is  di- 
rected to  remember  that  "pH  and  HCO'  in 
same  direction  =  metabolic  problem."  On 
Page  128.  the  information  on  acid-base  bal- 
ance is  in  direct  confiict  with  that  on  Page 
1 27.  and  metabolic  acidosis  is  listed  as  de- 
creased pH.  increased  HCO"*  ,  and  meta- 
bolic alkalosis  is  listed  as  increased  pH.  de- 
creased HCO'. 

The  alveolar  air  equation  on  Page  126 
assumes  barometric  pressure  at  sea  level  but 
uses  715  mm  Hg  in  the  equation.  The  au- 
thor fails  to  mention  that  barometric  pres- 
sure at  sea  level  (760  mm  Hg)  minus  water 
vapor  pressure  (47  mm  Hg)  at  37°  C  and 
100%  saturation  are  the  values  that  should 
be  provided  in  the  formula  so  that  the  for- 
mula can  be  used  at  various  altitudes. - 

The  oxygen  content  fomiula  on  Page  133 
used  1 .39  cc  of  oxygen  per  each  I  gm  of 
hemoglobin,  but  on  Page  150  uses  1.34  cc 
instead.  Although  both  numbers  are  used  in 
standard  references,  the  author  fails  to  stan- 
dardize within  the  manual. 


There  is  no  consistent  pattern  as  to  the 
use  ot  generic  versus  trades  names  for  drug 
citations  within  the  book.  Some  drug  cita- 
tions arc  listed  in  alphabetical  order  bv  the 
trade  name  while  others  are  lisictl  by  the 
generic  name. 

Finally,  the  orgaiu/ation  ol  the  text,  the 
font,  and  the  print  style  are  not  conducive  to 
easy  reading.  In  addition,  extensive  cross- 
referencing  within  each  chapter  is  very  dis- 
tracting. 

In  summary,  the  author  has  achieved  the 
goal  of  providing  a  quick  reference  for  the 
intensive  care  nurse.  This  book  is  written 
for  the  caregiver  who  desires  only  a  "snap- 
shot" of  infomiation  regarding  a  given  topic. 
The  major  limitation  of  the  book  is  the  vol- 
ume of  factual  errors  and  inconsistencies  in 
the  infomiation  published.  The  material  in 
the  manual  covers  a  wide  range  of  topics, 
but  in  many  respects  lacks  the  extra  details 
and  accuracy  to  make  it  a  valuable  tool  for 
clinicians. 

Sandra  Sell  MSN  CRNA 

University  of  Pittsburgh 

School  of  Nursing 

Nurse  Anesthesia  Program 

Pittsburgh.  Pennsylvania 
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CRCE  through  the  Journal— 2001 

CRCE  tliroui;!)  the  Jounial.  a  program  for  American  Association  for  Respiratory 
Care  (AARC)  members  to  gain  credit  for  continuing  education,  is  now  in  its  tweittli 
year.  By  reading  RESPIRATORY  CARE — the  science  journal  for  respiratory  care 
professionals — and  completing  this  examination.  AARC  members  may  earn  credit 
for  continuing  education/'' 

This  5()-item.  multiple-choice  examination  is  based  on  papers  published  from  July 
2000  through  June  2001  in  RESPIRATORY  CARE.  The  issue  and  page  numbers  of 
the  paper  on  u hich  a  question  is  based  are  shown  in  brackets  following  the 
question,  ^'ou  may  ci)nsult  the  cited  paper;  however,  we  encourage  you  to  read  the 
paper  in  its  entirety  before  answering  the  question.  Choose  the  single  most-correct 
answer,  and  mark  the  answer  sheet.  v\  hich  is  located  follow  ing  Page  976. 

Mail  your  completed  answer  sheet  by  October  .^  1 .  200 1 .  Answer  sheets  postmarked 
after  October  3 1 ,  2001  will  not  be  processed.  The  Answer  Key  for  CRCE  through 
the  Journal  will  be  published  in  the  November  issue  of  RESPIRATORY  CARE^ 
AARC  members  can  access  their  CRCE  transcripts  \  ia  the  AARC"s  Web  site: 
http://wwvv.aarc.org.  Your  CRCE  through  the  Journal  results  will  be  available  as 
soon  as  your  answer  sheet  is  scored  and  the  score  posted  to  \  our  transcript. 

We  are  indebted  to  Phillip  D  Hoberty  EdD  RRT.  Assistant  Professor  and  Director  of 
Clinical  Education,  Respiratory  Therapy  Division.  School  of  Allied  Medical 
Professions.  The  Ohio  State  University,  Columbus.  Ohio,  for  coordinating  and  edit- 
ing the  examination  and  to  his  co-authors:  F  Herbert  Douce  MS  RRT  RPFT, 
Associate  Professor  and  Director:  deorgianna  G  Sergakis  .MS  RRT,  Graduate 
Teaching  Assistant:  and  Sarah  Varekojis  MS  RRT,  Lecturer,  Respiratory  Therapy 
Division,  School  of  Allied  Medical  Professions,  The  Ohio  State  University,  Colum- 
bus, Ohio;  Timothy  B  Opt'Holt  EtlD  RRT,  Associate  Professor.  Department  of  Car- 
diorespiratory Care,  University  of  South  Alabama,  Mobile.  .Xlabama:  and  Jerome  F 
Walker  EdD  RRT,  Professor.  Cardiopulmonary  Science  Program,  Lansing  School 
of  Nursing  and  Health  Science.  Bellarminc  UnisersitN.  I.ouis\ille.  Kentuckv. 


*The  acceptance  of  these  credits  lor  the  luirillmerit  ol  license-inandaled  continuing  education  is  dictated  solely  by 
the  licensure  law  of  each  individual  state. 
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Questions: 


Please  follow  the  instructions  on  the  previous  page,  and  record  your  answers  on 
the  perforated  form  provided  following  Page  976. 


1 .  The  study  conducted  by  Duartc  cl  al 
(.IcniDiistralcd  all  (if  the  Ibllowing  EXCEPT: 

a.  a  similar  pattern  of  airway  response  in  terms 
of  magnitude  and  duration  to  albuterol  admin- 
istration via  MDI  and  SVN 

b.  total  airway  resistance  returned  to  baseline 
after  90- 1 20  minutes  regardless  of  administra- 
tion method 

c.  no  significant  differences  in  the  percent 
decrease  in  airway  resistance  among  the  3 
groups  with  respect  to  albuterol  dose  over  time 

d.  a  significant  decline  in  intrinsic  PEEP 
following  administration  of  albuterol 
regardless  of  dosage 

[July  2000;45(7):8 17-823] 

2.  The  article  by  Witek  lists  all  the  following 
reasons  for  providing  respiratory  medications  via 
the  inhaled  route  of  administration  EXCEPT 


a. 


c. 
d. 


Utilizing  higher  doses  than  parental  or  oral 

preparations 

Optimizing  the  drug's  therapeutic  window 

Minimizing  adverse  and  unwanted  effects 

Delivering  the  drug  directly  to  its  site  of 

action 

|July2000:45(7):826-830] 


3.  Corkery  describes  5  basic  criteria  a  pulmonary 
drug  delivery  system  must  meet  in  order  to  effec- 
tively deliver  macromolecules  to  the  lung  periph- 
ery, including: 

1.  formulating  the  drug  so  that  it  is  deliverable  in 
a  cloud  containing  particles  of  1-3  |jm  with 
slow,  deep  inhalation 

2.  reproducing  the  therapeutic  drug  dose  from 
dose  to  dose 

3.  accommodating  flexible  dosing 

4.  being  portable  and  easy  to  use 

a.  1  and  2  only 

b.  3  and  4  only 

c.  2,  3,  and  4  only 

d.  1,2.  3.  and  4 

[July  2000:45(7):83l-835) 


4.  O'Riordan  describes  all  the  following  common 
uses  of  aerosolized  antibiotics  in  cystic  fibrosis 
patients  EXCEPT: 

a.  suppressive  therapy 

b.  eradication  of  Gram-negative  organisms  in 
early  disease  and  pre\ention  of  colonization 

c.  prevention  ot  the  development  of  resistance 

d.  adjunct  to  intravenous  therapy  during  acute 
exacerbations 

[July2000;45(7):836-845| 

5.  Fink  describes  several  improvements  in  aerosol 
administration  due  to  design  improvements, 
including: 

1.  decreased  oropharyngeal  deposition 

2.  decreased  waste  of  drug 

3.  greater  ease  of  use 

4.  improved  lung  deposition 

a.  1,2,  3.  and  4 

b.  2,  3  and  4  only 

c.  3  and  4  only 

d.  1  and  2  only 

[July  2000;45{7):874-885] 

6.  In  a  study  by  Stoller  et  al  regarding  the  impact  of 
a  Respiratory  Care  Consult  Service  on  house  offi- 
cers' knowledge  of  respiratory  care  ordering,  the 
authors  concluded  that: 

a.  Protocols  implemented  by  therapists  did  not 
detract  from  house  officers'  expertise  in  respi- 
ratory care  management. 

b.  The  use  of  protocols  resulted  in  less  accurate 
ordering  of  respiratory  care  management 
strategies. 

c.  Protocols  implemented  by  therapists  resulted 
in  less  utilization  of  respiratory  care 
management  strategies  by  the  house  officers. 

d.  House  officers  were  unable  to  make 
recommendations  for  respirator}'  care  manage- 
ment in  hospitals  where  protocols  are  utilized. 

[August  2000:45(8):945-952] 
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7.  Ill  tlic  arliL-lc  b\  Kuschnci  ct  a\.  iIk'  authms 
rcpcrt  thai  lollinvrnt;  hcn/ncaiiK-  atlinmisiratioii. 
incthcnioiilohiii  Icscis  approacliiiii;  }()'.(  iii 
healthy  individuals: 

a.  should  he  CDiisidcrcd  lethal. 

b.  v\iii  result  ui  ine\ersihle 
methemoglobinemia. 

c.  may  be  tolerated  producing  tew  clinically 
important  ctTects. 

d.  are  consistent  with  the  manufacturer- 
recommended  dose  of  benzocaine. 

[August  2000:45(8 ):953-956] 

8.  Beta-adrenergic  bronchodilators  are  all 
derivatives  of  \\  hieb  naturally  occurring 
neuromediator? 


a.  1.  2,  and  3  only 

b.  2,  }.  and  4  only 

c.  I  and  3  only 

d.  2  and  4  only 

I  September  2000;45(9):  1 072- 1 084] 

1. According  to  Kailet,  what  lactors  are 
responsible  for  a  decrease  in  patient  work  of 
breathing  when  using  pressure  controlled 
ventilation  (PCV)  relative  to  using  volume 
controlled  ventilation  (VCV)? 

1.  increased  tidal  volume 

2.  high  peak  inspiratory  flow 

3.  longer  inspiratory  time 

4.  demand-responsive  changes  in  inspiratory 
flow 


a.  epinephrine 

b.  acetylcholine 

c.  norepinephrine 

d.  albuterol 

[August  2000:45(8):962-968] 


a.  1  and  2  only 

b.  2  and  3  only 

c.  1  and  3  only 

d.  2  and  4  only 

[September  2000:45(9):  1085- 1096] 


9.  According  to  recommendations  from  the  Fifth 
Oxygen  Consensus  Conference,  ambulatory 
LTOT  equipment  should  weigh  less  than  10 
pounds  and  provide  at  least  the  equivalent  of: 


12. According  to  Kacmarek.  which  nitric  oxide 
injection  site  into  a  high  frequency  oscillator 
ventilator  results  in  acceptable  NO 
concentrations? 


a.  8  L/min  of  continuous  flow  oxygen  for  8 
hours  or  more. 

b.  6  L/min  of  continuous  flow  oxygen  for  2 
hours  or  more. 

c.  2  L/min  of  continuous  flow  oxygen  for  4 
hours  or  more. 

d.  4  L/min  of  continuous  flow  oxygen  for  2 
hours  or  more. 

[August  2000:45(8):957-959] 


a.  before  the  humidifier 

b.  after  the  humidifier 

c.  distal  to  the  oscillator  output 

d.  any  site  is  acceptable 

[September  2000:45(9):i097- 1104] 

1 3.  What  is  the  primary  difference  between  pressure 
assist/contrt)!  (P  \/C)  and  pressure  support  ven- 
tilation (PSV),  according  to  Williams,  et  al' 


10.  According  to  Kailet.  pulmonary  artery  occlusion 
pressure  (PAOP)  is  an  imprecise  approximation 
of  left  ventricular  end  diastolic  volume 
(LVEDV)  under  what  circumstances? 

1.  ARD.S/AL1 

2.  normal  left  ventricular  compliance 

3.  presence  of  mitral  stenosis 

4.  absence  of  pulmonary  venous  obstruction 


a.  P  A/C  is  flow  triggered  but  PSV  is  pressure 
triggered. 

b.  P  A/C  is  time  cycled,  but  PSV  is  flow  cycled. 

c.  P  A/C  is  pressure  cycled,  but  PSV  is  time 
cycled. 

d.  P  A/C  is  \olume  Imiiled.  hui  PS\  is  pressure 
limited. 

[October  2000;45(  1 0):  1 1 69- 1 1  S 1 1 
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14.  According  to  Johnson  and  Robart,  what 
measures  nuisi  he  taken  by  the  therapist  to 
assure  proper  M131  leciinique'.' 

1 .  patient  assessment 

2.  use  of  a  spacer 

3.  patient  instruction 

a.  1  only 

b.  1  and  3  only 

c.  2  and  3  only 

d.  1.2.  and  3 

[October  2000:45(10):  1 1 82- 1 1 87] 

15.  According  to  Fiore,  which  statement  is  true 
regarding  the  promotion  of  smoking  cessation? 

a.  Pharmacotherapy  should  be  prescribed  to 
patients  unwilling  to  try  to  quit. 

b.  There  is  a  strong  relationship  between  the 
intensity  of  smoking  cessation  counseling 
and  its  effectiveness. 

c.  Brief  dependence  treatment  is  ineffective:  all 
patients  need  long-term  counseling. 

d.  Some  patients  who  use  tobacco  should  not  be 
encouraged  to  quit. 

[October  2000;45(10):  1 200- 1 260] 

16.  According  to  the  U.S.  Public  Health  Service 
Tobacco  Use  and  Dependence  Clinical  Practice 
Guideline,  what  are  the  first  line  pharmacothera- 
pies that  reliably  increase  long-term  smoking 
abstinence? 

1.  Nortryptyline 

2.  Bupropion  SR 

3.  Clonidine 

4.  nicotine  replacement 

a.  1  and  2  only 

b.  2  and  3  only 

c.  2  and  4  only 

d.  3  and  4  only 

[October  2000;45(10):  1 200- 1 262] 

17.  Which  of  the  following  is  true  regarding  the 
assessment  of  dyspnea? 

a.  Respiratory  rate  does  not  always  correlate 
well  with  dyspnea. 

b.  Forced  expiratory  volume  is  an  accurate  and 


objective  predictor  of  dyspnea. 

c.  The  Borg  scale  is  a  useful  dyspnea 
assessment  tt)ol  in  terminal  care  of  the  non- 
communicating  COPD  patient. 

d.  Non-communicating  patients  can  be 
determined  dyspneic  based  on  physical  exam- 
ination of  breath  sounds  and  accessory 
muscle  usage. 

[November  2000:45(  1 1 ):  1 33 1  - 1 34 1  1 

18. Which  statement(s)  reflect  potential 
mechanisms  of  dyspnea? 

1 .  an  increased  sense  of  respiratory  effort 
expressed  as  the  ratio  of  the  pressure 
generated  by  the  respiratory  muscles  to  their 
maximum  pressure  generating  capacity. 

2.  a  sen.se  of  breathlessness  due  to  peripheral 
and  central  chemoreceptor  response  to  hyper- 
capnia  and  hypoxia. 

3.  vagally-mediated  dyspnea  triggered  by  C- 
fibers  located  in  the  alveolar  wall  of  the  lung 
and  its  blood  vessels 

a.  1  only 

b.  1 .  2  and  3 

c.  2  only 

d.  2  and  3  only 

[November  2000:45(  1 1 ):  1 342- 1 354] 

19. When  evaluating  whether  to  initiate  palliative 
noninvasive  positive  pressure  ventilation 
(NPPV)  in  a  terminally  ill  patient,  which  of  the 
following  questions  should  be  answered  affirma- 
tively? 

a.  Does  the  patient  have  symptoms  (dyspnea, 
morning  headaches,  daytime 
hypersomnolence)  that  may  respond  to 
NPPV? 

b.  Ha\c  patient  wishes  regarding  in\asi\e  venti- 
lation and  CPR  been  discussed  in  advance 
and  recorded? 

c.  Does  the  patient  know  that  NPPV  is 
reversible  and  not  linked  to  other  treatment 
measures,  and  under  his  or  her  control  at  all 
times? 

d.  Each  response  is  correct. 

[November  2000:45(  1 1 ):  1 376-1384] 
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20.Thcre  is  evidciuc  ih;it  suggests  tlial  ciicli  ol  iIk- 
t'dllou  iiig  ailjusiincnls  in  tlii."  mechanical 
ventilator  ma\  leduce  d>spnea  L.XCLiPT; 

a.  increasing  tidal  volume  in  spontaneously 
breathing  hypercapneic  subjects. 

b.  Lisins:  a  sine-\va\e  flow  pattern  with  \i)lume 
control-contmuiHis  mechanical  \ciililalu>n 
rather  than  a  square  vv  a\  e  or  decelerating  pat- 
tern. 

c.  increasing  mechanical  assistance,  for  instance 
raising  the  level  of  pressure  support  of  IMV 
rate  to  a  le\  el  experienced  as  comfortable  by 
the  palienl. 

d.  adjusting  inspiratory  flow  rale  to  a  level  not 
less  than  107c  or  greater  than  .^OOOf  of  the 
patient's  spontaneously  preferred  level. 

[December  2()()():45(  12):1460-14671 

21  .Recommended  stress  management  techniques  lo 
deal  with  "compassion  fatigue"  and  better  allow 
caregivers  to  cope  emotionally  with  dying 
patients  include  each  of  the  following  EXCEPT: 

a.  pro\  iding  for  mental  and  physical  distraction 
in  the  form  of  exercise  or  enjoyment  of 
hobbies. 

b.  practicing  emotional  detachment  and  stoicism 
by  directing  feelings  inward. 

c.  ensuring  self-nurturance  on  a  daily  basis- 
getting  adequate  nutrition  and  sleep. 

d.  spending  time  with  family,  friends  and  other 
sources  of  emotional  support. 

[December  2000;45(  1 2):  1 5 1 3- 1522] 

22. Which  of  the  following  has  been  established 
regarding  dyspnea  in  the  mechanically  ventilated 
patient? 


intensity  scales, 
d.   Regular  measurement  of  dyspnea  may  allow 
ior  reducing  the  amount  ol  sedating  drugs 
needed  to  maintain  patient  comfort  and  safety. 
(December  2(K)():45(1 2):  1460-14671 

23.  According  to  Health  Care  Financing  Adininistra- 
tion  medical  re\ie\\  policy  guidelines,  which  of 
the  following  must  be  present  to  establish 
terminal  stage  pulmonary  disease  for  purpcses  of 
hospice  referral? 


a. 


unintentional  progressive  weight  loss  of  > 
10'/  body  weight  over  the  preceding  6  months 
right  heart  failure  secondary  to  pulmonary  dis- 
ease (cor  pulmonale) 
resting  tachycardia:  heart  rate  >  100/min 
Po:  <  55  mm  Hg  or  oxygen  saturation  <  88% 
(on  supplemental  oxygen)  or  Pco^  >50  mm 
Hg) 
[December  2000;45(  12):  1478-1489] 


24. In  their  preliminary  observational  study  of 
transtracheal  augmented  ventilation  (TTAV), 
Christopher  et  al  demonstrated  a  signiflcant 
improvement  following  a  3-month  trial  of  noctur- 
nal TTAV  in  v\hich  monitored  parameter? 

a.  PaCO: 

b.  respiratory  rate 

c.  exercise  capacity 

d.  sleep  efficiency 

[January  2001:46(1):  15-251 

25.  Following  induction  of  apnea  in  the  test  subjects. 
Holt  et  al  determined  that  there  was  not  a 
significant  increase  in  which  parameters  during 
Automode  on  the  Servo  30()A? 


a.  Severity  of  post-traumatic  stress  disorder  is 
reduced  in  survivors  of  respiratory  failure 
when  respiratory  distress  during  mechanical 
ventilation  is  minimized. 

b.  Mechanically  ventilated  patients  are  more 
comfortable  when  respiratory  rate,  tidal 
Nolume  and  inspiratory  flow  rate  are  under 
their  own  control. 

c.  Dyspnea  can  be  assessed  in  the 
communicating  patient  on  a  mechanical  \enti- 
lator  using  \isual  analog  or  numerical 


1 .  Patient  work  of  breathing 

2.  Most  negative  deflection  of  pressure  needed  to 
generate  a  breath 

3.  Duration  of  inspiratory  effort 

4.  Ventilator  work  of  breathing 

a.  1  and  3  only 

b.  2  and  4  only 

c.  2.  3,  and  4  onl\ 

d.  1,2,  and  3  onl\ 

[January  2001  ;4(i(  1  ):26-36] 
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26. In  the  studs  Liuuluclod  by  Broach  and  Durbin, 
which  parameter  was  at't'cctcd  when  the  authors 
demonstrated  a  significant  increase  in  the  rate 
of  rise  of  core  temperature  in  patients  receiving 
a  Thermax  HCH? 


a.  Intratracheal  pulmonary  ventilation 

b.  Positive  end-expiratory  pressure  (PEF.P) 

c.  Tracheal  gas  insufflation  (TGI) 

d.  High  frequency  jet  ventilation 

[February  2001  ;46(2):  1  li)-l2UI 


a.  airway  resistance 

b.  average  amount  of  chest  tube  drainage 

c.  time  to  exlubatioii 

d.  c|ualit\  or  quantity  of  secretions 

[January  2001  ;46(1):37-42J 

27. Which  of  the  following  statements  most 
accurately  refTects  the  findings  of  the  study 
conducted  by  Turpeinen  and  Nikander? 

a.  The  deposition  of  terbutaline  on  the  inspira- 
tory filters  was  lower  than  the  deposition  of 
budesonide  for  both  setups. 

b.  The  combination  of  breath-synchronized 
nebulization  and  the  nebulizer  connected 
directly  to  the  ETT  resulted  in  a  higher 
inspiratory  filter  deposition  for  both  drugs. 

c.  The  deposition  of  terbutaline  on  the  waste 
filters  was  lower  than  the  deposition  of 
budesonide  for  both  setups. 

d.  In  terms  of  drug  delivery  through  an  ETT.  a 
solution  of  terbutaline  is  inferior  to  a 
suspension  of  budesonide. 

[January  2001:46(1  ):43-48] 

2K.ln  the  case  study  described  by  Kallet  et  al, 
which  of  the  following  is  NOT  identified  as  a 
potential  contribution  to  the  developinent  of 
bronchial  obstruction? 

a.  inadequate  humidification 

b.  inadequate  suctioning 

c.  lack  of  an  appropriate  lung  inflation  pattern 

d.  application  of  intermittent  PEEP 

[January  2001 .  46(  l):49-52| 

29.  All  of  the  following  are  described  by  Hess  and 
Gillette  as  techniques  used  to  facilitate  insuffla- 
tion of  gas  into  the  central  airway  to  improve 
carbon  dioxide  clearance  EXCEPT: 


30.  According  to  Nahum,  which  of  the  following  is 
true  regarding  catheter  tip  location  when 
performing  tracheal  gas  insufflation  (TGI)? 

a.  Advancing  the  catheter  closer  to  the  carina 
enhances  efficacy. 

b.  The  tip  should  be  positioned  exactly  6  cm 
above  the  carina. 

c.  The  catheter  tip  should  be  placed  in  the 
right  mainstem. 

d.  The  least  ainount  of  turbulent  airflow  is 
desired  for  tip  placement. 

[February  200 1:46(2):  149- 157] 

31. According  to  Blanch,  which  of  the  following 
parameter(s)  should  be  monitored  when  using 
tracheal  gas  insufflation  (TGI)  in  addition  to 
conventional  mechanical  ventilation? 

a.  static  and  dynamic  lung  compliance 

b.  respiratory  rate 

c.  ETT  position  in  airway 

d.  delivered  \  olumes  and  airway  pressures 

[February  2001:46(2):  158-166) 

32. In  order  to  prevent  mucus  plug  formation  when 
using  tracheal  gas  insuftlation.  Delgado  et  al 
recommend  which  of  the  following? 

a.  Instill  10  niL  saline  into  catheter  to  Hush. 

b.  Remove  and  inspect  the  catheter  e\ery  8-12 
hours. 

c.  Occlude  the  expiratory  limb  of  the  circuit  to 
check  function. 

d.  Pro\  ide  supplemental  mucolytic  agents. 

[February  2001 :46(2):  1 85- 1 92] 
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33. According  to  Bishop  cl  al's  suid\  ol  ihc  ivlcnimn 
of  intubation  skills  by  R'Is.  what  were  the  two 
most  common  errors  in  skill  ix'rt'orniance  one  \ear 
after  initial  training'.' 

1 .  failure  to  assess  for  signs  of  ilifHeull  intubation 

2.  blade  not  moved  so  as  to  displace  the  tongue  to 
the  left 

3.  tube  not  inserted  from  the  right  sule  ol  the 
mouth 

4.  lesering  the  blade  on  the  upper  teeth 

a.  I  and  2  only 

b.  2  and  3  only 

c.  2  and  4  only 

d.  3  and  4  onl\ 

[March  2001 :46(3):234-237| 

34. In  Sioller.  Orens,  and  Kester's  stud\  of  the  rate  of 
RT  turno\er  and  the  costs  related  to  training  new 
staff  members  at  the  9  hospitals  in  the  Cleveland 
Clinic  Health  System,  what  factor  correlated  uith 
the  turnover  rate? 

a.   the  cost  of  non-disposable  ecjuipmenl  used 
h.  ihc  ratio  of  hospital  bed.s/  RT  staff 

c.  the  tloor  space  of  the  RT  department 

d.  the  number  of  hand-held  nebuli/er  treatments 
performed 

[March  2001;46(3):238-242] 

35. When  Peruzzi  ct  al  studied  patients  with 
tracheostomy  who  were  suspected  of 
oropharyngeal  dysphagia  and  possible  aspiration, 
hov\  did  the  colored  dye  method  compare  to  \  ide- 
olluroscop)  e.xam  for  delecting  aspiration? 

a.  Both  methods  had  equal  numbers  of  fal.se  posi- 
ti\es  and  false  negatives. 

b.  The  colored  dye  technique  was  more  likely  to 
detect  aspiration. 

c.  The  \  ideotluroscopic  technique  detected  a  sig- 
niticantly  greater  frequency  of  aspiration. 

d.  A  negative  colored  dye  test  effectively  rules 
out  the  presence  of  aspiration. 

[March2001:46(3):243-247| 

36.1n  Sottiaux's  investigation  of  Nolume  support  \eii- 
tilation  (VSV)  on  the  .Siemens  300  ventilator,  the 
author  concluded  that: 


a.  Palicnl  \cnlihiliii  iiilciaclinii  docs  iml  allcci 
tulal  \olume  (Vf)  stability  in  ihis  mode  (if 
mechanical  ventilation. 

b.  ()nl\  ineffective  patient  efforts  during  inspira- 
tion can  accounl  loi  lluclualioiis  in  Vj. 

c.  ()nl\  ineffective  patient  clforts  during  expira- 
tion can  account  for  lluctuations  in  V|. 

d.  Patient-ventilator  interactions  during  both 
inspiration  and  expiration  can  affect  the  stabil- 
ity of  the  Vt. 

|.VIarch200l;46(3):255-262] 

37.  Which  statement  is  a  correct  conclusion  in 
Maclntyre's  special  article  on  innovations  in 

mechanical  \eiitilation'.' 

a.  Purther  inno\ations  in  mechanical  \entilalion 
are  NOT  needed. 

b.  The  sole  force  (driver)  that  produces 
innovation  is  the  desire  for  profit. 

c.  Innovators  need  funding  sources  to  encourage 
both  design  development  and  assessment  testing. 

d.  In  assessing  clinical  benefit  of  an  innovation, 
only  the  cost  of  the  innovation  needs  to  be 
considered. 

[March200l:46(3):267-2721 

38.  According  to  Kraut  and  Madias,  the  systematic 
approach  to  the  analysis  ofacid-ba.se  disorders 
includes  checking  the  accuracy  of  the  parameters 
by  applying  what  equation? 

a.  Bohr  equation 

b.  Henderson  equation 

c.  alveolar  air  equation 

d.  scrum  anion  gap  equation 

[April  2()01:46(4):392-4()31 

39.  Arterial  blood  gas  data  tor  a  66-year-old  man 
with  COPD  while  at  rest  breathing  2  liters  oxygen 
via  nasal  cannula  are:  pH  7.40.  P.,t():  56  mm  Hg, 
Pa02  72  mm  Hg.  Hco/  34  niEq/L.  These  blood 
gas  data  are  consistent  with  w hat  condition? 

a.  chronic  rcspiraloiA  acidosis  uiih  iiiclabolic 
alkalosis 

b.  acute  respiratory  alkalosis  wiih  metabolic  aci- 
dosis 

c.  chronic,  uncompensated  respiratory  acidosis 

d.  Iull\  compensated  metabolic  alkalosis 

[April  2001  ;46(4):3y2-4()3| 
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40.  What  condition  causes  hypoventilation  by 
decreasing  the  central  neurological  drive? 

a.  amyotrophic  lateral  sclerosis 

b.  obesity 

c.  chest  trauma 

d.  cerebral  edema 

[April  200 1;46(4):366-383] 

41. The  Paco:  is  60  mm  Hg  and  the  hydrogen  ion 
concentration  is  determined  to  be  60  mEq/L. 
According  to  the  Henderson  equation,  what  is  the 
HcO(  in  mEq/L? 

a.  24  mEq/L 

b.  36  mEq/L 

c.  48mEq/L 

d.  60  mEq/L 

[April  200 1;46(4):328-341] 

42.  In  a  lung  model,  what  is  the  effect  of  removing 
the  inner  cannula  from  a  tracheostomy  tube? 

a.  decrease  work  of  breathing 

b.  increase  airway  resistance 

c.  decrease  respiratory  rate 

d.  increase  tidal  volume 

[May  2001:46(5):  460-465] 

43.  When  Freed  et  al  studied  patients  with  dysphagia 
caused  by  stroke,  what  was  the  effect  of 
transcutaneous  electrical  stimulation  of  the  neck? 

a.  improved  mental  status 

b.  improved  swallowing  function 

c.  decreased  ventilatory  drive 

d.  decreased  mandibular  pain 

[May  200 1  ;46(5):  466-474] 

44.Spratt  and  Petty  identify  what  action  of 

respiratory  therapists  in  the  home  as  fulfilling  the 
appropriate  role  of  "physician  extenders?" 

a.  ordering  prescribed  medications 

b.  obtaining  optimal  reimbursement 

c.  monitoring  patient  response  to  therapy 

d.  diagnosing  complementary  conditions 

[May  2001:46(5):  475-488] 


45.  According  to  the  revised  AARC  Clinical  Practice 
Guideline  for  arterial  blood  gas  analysis,  what 
procedure  should  be  performed  a  minimum  of  3 
times  per  year? 

a.  replace  all  electrodes 

b.  conduct  proficiency  testing 

c.  perform  2-point  calibration 

d.  measure  quality  control  materials 

[May  2001 :45(5):498-505] 

46.According  to  the  updated  AARC  Clinical 

Practice  Guidelines  for  pulmonary  diagnostic  pro- 
cedures, what  overall  strategy  is  recommended 
for  the  as.sessment  of  quality  and  validation  of 
results? 

a.  CLIA  regulations 

b.  JCAHO  laboratory  guidelines 

c.  AAP  clinical  assessment  program 

d.  NCCLS  quality  system  model  for  health  care 

[May  200 1 :45(5 ):506-5 1 3,  5 14-522, 
523-530,531-539] 

47. In  Shafazand,  Canfield.  and  Kuschner's  study  of 
the  1  -year  quality-of-life  (QOL)  benefits  of  a  new 
pulmonary  rehabilitation  program,  which  conclu- 
sion is  correct? 

a.  There  were  statistically  significant 
improvements  in  all  scales  of  the  QOL  tool. 

b.  There  was  no  improvement  in  either  QOL  or 
exercise  tolerance. 

c.  While  exercise  tolerance  one  year  after  the 
program  improved,  QOL  was  worse  than 
before  the  program. 

d.  A  new  multidisciplinary  rehabilitation 
program  is  generally  NOT  effective  in  improv- 
ing QOL  of  COPD  patients. 

[June  2001 :46(6):595-600] 

48.  According  to  Chatburn  and  Primiano's  special 
article,  what  is  the  most  important  skill 
respiratory  therapists  possess? 

a.  patient  assessment 

b.  airway  management 

c.  mechanical  ventilation 

d.  gas  therapy 

[June2()()l:4(-)(6):604-621] 
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49.AL-ci)idini;  ti)  ihcir  ailn.k',  \\h_\  uciv  (iKitlnim  c.    1,2,  3  and  4 

and  Primiano  proposing  a  new  system  lor  d.  2,  3  and  4  only 
undcrsiandinL;  nunlcs  of  niOLlianical  \cniilation?  |,lunc  2(){)I;46(6):604-62I  | 

1.  Operator  manuals  ihal  LH)nK'  w  iili  ciincni  \cn-          50.  When  employed  in  a  mechanical  lung  model, 
tilators  do  a  poor  job  of  describing  how  modes  uhich  method  of  tracheal  gas  insufflation  ( Klli 
operate.  tlid  Deliiado  et  al  finil  lo  minimi/c  the  change  in 

2.  Features  that  are  ideniieal  on  different  \entila-  total-PhhP  .seen  in  other  methods  of  TG17 
tors  are  called  b\  diffeient  names. 

3.  Features  that  operate  differently  on  different  a.   forward  flow  continuous  TGI 
ventilators  are  called  the  same  thing.  b.  forward  flow  expiratory  TG! 

4.  There  is  a  need  to  "decode"  marketing  jargon.  c.   bi-directional  continuous  TGI 


a. 

b.   I  and  3  only 


li.   re\ else  flow  conlmiious  TGI 

|.lune  2()()l:46(6):577-585] 


Make  sure  to  double  check  your  work  and  to  mark  the  answer 
sheet  clearly.  Mail  your  completed  answer  sheet  hv  October  3 1 , 
2001  to 

CRCE  through  the  Journal 
11030  Abies  Lane 
Dallas  TX  75229-4593 

Look  k)v  the  answers  in  the  November  2001  issue  of  RESPIRATORY 
Care. 
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A.  Patient  information 


Piltiedl  idenhtief 


■1  confidence 


Aqo  .11  iHllf 

Of  event: 


Date 

of  birth 


So 

I    I  female 

'     I  male 


P,iqi' 


Weight 


.lbs 


Kf)s 


B.  Adverse  event  or  product  problem 


Adverse  event 


Product  problem  I ^- g    deleclb^nidilunclioiibi 


2    Outcomes  attributed  to  adverse  event 
ictieck  ail  lt>dl  apply) 

□  death   


I    I  life-threatening 

^  hospitalization  -  initial  or  prolonged       Lj  °"^*' 


I     I  disability 

I    I  congenital  anomaly 

I     I  required  intervention  to  prevent 
permaneni  impairment/damage 


3  Date  of 
event 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  le  g  .  allergies, 

race,  pregnancy,  smoking  and  alcohol  use,  hepalicrenai  dy&tunclion.  etc.) 


Mail  to:     MII)\N'\liM  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville.  MD  20852-9787 


C.  Suspect  medication(s) 


"2 


Dose,  frequency  &  route  used 


«2 


3    Therapy  dates  ol  unktxiwn,  give  durdiion; 

lit 


112 


•1    Diagnosis  (or  use  (indication! 

01 


"2 


6    Lot  «  (if  Known) 
lit 


'    Exp.  date  Ul  known) 
HI 

112 


^    NDC  «  (for  product  problems  only) 


Event  abated  after  use 
stopped  or  dose  reduced 


.2  Dyes  D no   nggg?y"' 


8     Event  reappeared  after 
reintroduction 

-iDyesDno    DgggPy"' 


»2nyesn"0    Dgg^y"' 


to    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1    Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


6 

model  #  _ 

catalog  * 

serial  « 

lot  n 


other  « 


4    Operator  of  device 

I     I  health  professional 
I    I  lay  user/patient 
□  other: 


5    Expiration  date 

i,f->OtJay'yf| 


If  implanted,  give  date 


6     If  explanted,  give  date 


9    Device  available  for  evaluation?                (Oo  not  send  to  FDA) 
I    I    yes  Lj  "°  LH  ffi'umed  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  bacit) 


1       Name  &  address 


phone  ' 


2    Health  professional? 
yes       LJ    "° 


3      Occupation 


3      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an     X     in  this  box       LJ 


Also  reported  to 
I    I      manufacturer 
I    I      user  facility 
I    I      dislnbulor 
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Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  Ifie  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  dont  have  all  the  details 

Report  product  problems  -  quality,  performance 

or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  m  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However.  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  inlormatJon 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to 


DHHS  Reports  Clearance  Otiice 
Paperwork  Reduclion  Project  (0910,0291) 
Hubert  H   Humphrey  Building.  Room  531-H 
200  Independence  Avenue  S  W 
Washington.  DC  20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to 
a  collection  ol  intormation  unless  it  displays 
a  currently  valid  0MB  control  number 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U  S   DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 
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Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 
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Please  read  the  eligibilihy  requirements  for  each  of  the  classifications  in  the 
right-hond  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  tor  more  information  and  fee  schedule.  Please  sign  and  dote 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applico- 
tion  takes  approximately  15  days 


U  Active 
Associate 


Foreign 

Physician 

Industrial 


Special 
Student 


Lost  Nome  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 

State Zip 

Phone  No.  I  ) 


Primary  Job  Responsibility  fcheclr  one  only) 

u   Technical  Director 

n  Assistant  Technical  Director 

Pulmonary  Function  Specialist 

Instructor/Educator 

Supervisor 
U  Staff  Therapist 
n  Staff  Technician 
n  Rehabilitation/Home  Care 
D  Medical  Director 
n  Sales 
D  Student 
n  Other,  specify 


Type  of  Business 

'  Hospital 

U  Skilled  Nursing  Facility 

D  DME/HME 

n  Home  Health  Agency 

D  Educational  Institution 

D  Manufacturer  or  supplier 

D  Other,  specify 


Dale  of  Birth  (optional)  _ 
U.S.  Citizen? Yes 


.  Sex  (optional) 


No 


Have  you  ever  been  a  member  of  the  AARC?  . 


■  so,  when?  From  . 


to 
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FOR  ACTIVE  MEMBER 

An  individual  li  eligible  if  ht-z-.f.^  .  S.  Of  (tj  territories  or  wo»  on  Active  Member 

prior  fo  rnoving  outside  its  borders  or  re"iTories,  and  meelj  ONE  of  the  following  criterio  ('(  '* 
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such,  OR  [21  is  a  graduate  oi  on  accredited  educational  progrom  m  respiratory  core.  OR  (31 
holds  o  credentiol  issued  by  the  NBRC  An  individuol  who  is  on  AARC  Active  Member  m  gooo 
standing  on  December  8,  1994,  will  continue  as  such  provided  his/her  membership  remoms  in 
good  standing. 

PIEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 
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.Zip 


Phone  No. 
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Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requfements  of 
Active  Member  shall  be  Associate  Members,  They  have  all  the  rights  ond  benefits  of  the  Asso- 
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whose  primary  occupation  is  directly  or  indirectly  devoted  fo  the  manufacture,  sole,  or  distribu- 
tion of  respirotory  care  equipment  or  supplies)  Special  Members  are  those  not  working  m  a 
respiratory  core-related  field, 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 

Address 
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State 


Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  clos^ihed  a^  Student  Members  if  fhey  meet  oil  the  requirements  for  Associate 
Membership  and  ore  enrolled  in  on  educational  progrom  in  respirotory  core  occredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  ogency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respirotory  Core  Education 
(CRCE)  transcripts  Upon  completion  of  your  respiratory  care  educolion,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  Of  Associate  Member 
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Address 
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State 


.Zip 
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Length  of  program 
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American  Association  for  Respiratory  Care 


Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Cheek  Ihe  Highest  Degree  Earned 

High  School 
L   RC  Graduate  Technician 
C  Associate  Degree 
D  Bachelor's  Degree 
D  Master's  Degree 
D   Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 

_  0-2  years  l^-     11-15  Years 

D  3-5  years  □    1 6  years  or  more 

C   6- 10  years 


Job  Status 

Full  Time 

U   Part  Time 

Credentials 

RRT 

D  LVN/LPN 

D  CRT 

D  CPFT 

D  Physician 

D  RPFT 

n  CRNA 

D  Perinotol/Pediatric 

D  RN 

Salary 

Less  than  $10,000 

D  $10,001-$20.000 

C  $20,001 -$30,000 

n  $30,001 -$40,000 

C   $40,000  or  more 

PLEASE  SIGN 

t  hereby  opply  for  membership  in  the  Americon  Association  for  Respiratory  Core 
and  have  enclosed  my  dues  If  approved  for  membership  in  the  AARC,  1  will  abide 
by  its  bylaws  and  professional  code  of  ethics  I  authorize  investigation  of  all  state- 
ments contained  herein  and  understond  that  misrepresentofions  or  omissions  of 
facts  called  for  is  couse  for  rejection  or  expulsion 

A  yearly  subscription  to  RESPIIiATORY  CARE  iournol  and  AAHC  Times  magazine 
includes  an  allocation  of  $1  1 .50  from  my  dues  for  each  of  these  publicotions 

NOTE  Contributions  or  gifts  to  (he  AARC  are  not  lax  deduclible  as  charitable  con- 
tribulior^i  far  incame  tax  purposes  However,  they  rryay  be  tax  deductible  as  ordi- 
nary or)d  r)ecBssary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  actiyities.  The  AARC  estimates  thai  the  nondeductible  portion 
of  your  dues  —  'fie  portion  which  is  allocable  to  lobbying  —  is  26%. 


Signature 
Date 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  12 
months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 
ate-Physician, or  Special  status;  $90.00  for  Associate-Foreign  status;  and 
$45.00  for  Student  status) 


D  Active 

$  87.50 

D  Associate  (Industrial  or  Physician) 

$  87.50 

D  Associate  (Foreign) 

$102.50 

D  Special 

$  87.50 

D  Student 

$  45.00 
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$ 

Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory  core,  these  sections 
publish  a  bi-monthly  newsletter  that  focuses  on  issues  of  specific  concern  to  that 
specialty.  The  sections  also  design  the  specialty  programming  at  the  national 
AARC  meetings 
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D  Education  Section 
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n  Transport  Section 

n  Home  Care  Section 

D  Subacute  Care  Section 

TOTAL 

GRAND  TOTAL  =  Membership  Fee 
plus  optional  sections 


$15.00 
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RH.si'iRAr()R>  Cari:  wclconics  original  manuM-ripis  ivlatcd  lo  the  sci- 
ence and  technology  of  respiratory  c;m.'  and  pix'piircd  according  to  the 
following  instnictions  anil  the  i'liifomi  Rcquiivmcius for Miimmripts 
SuhmilU'il U) BumwclualJimnuih  {i\\dtiMc  M  hrti):/Ai\\w.kmjc.o 
iiulex.htinl).  Manuscripts  are  blinded  and  reviewed  by  profession- 
als with  experience  in  the  subject  of  the  paper.  Authiirs  are  respon- 
sible for  obtaining  writtcti  [vnnission  from  the  onginal  copyright  hold- 
er to  use  previously  published  figures  and  tables.  Before  publication, 
authors  recei\  e  page  proofs  and  are  allowed  to  make  only  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  for  clarity,  concision. 
and  consistency  with  Rl-SPIRATORY  Care's  format.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where w  ithoul  permission.  Editorial  consultation  is  available  at  any 
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Avenue.  Suite  702,  Seattle  WA  98104.  (206)  223-0558.  fa,\  (206) 
223-0563.  E-mail:  rcjoumal@aarc.org 
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Results.  Discussion,  Conclusions,  and  References.  May  also  include: 
Tables.  Figures  (if  so.  must  include  Figure  Legends).  Acknowledg- 
ments, and  Appendi.ves. 

Review:  A  comprehensi\  c.  critical  re\iew  of  the  literature  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page.  Outline. 
Abstract.  Key  Words,  Introduction.  Review  of  the  Literature.  Sum- 
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include  Figure  Legends).  Acknowledgments,  and  Appendi.xes. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  reviewed  in  Rl-:SPIRATORY  CARE  or  elscw here.  Same  struc- 
ture as  a  Review  Article. 

Special  .\rtiele:  A  pertinent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  writing  or  submitting  such  a 
paper. 

Editorial:  A  paper  addressing  an  issue  in  the  practice  or  administration 

of  respiratory  c;ire.  It  may  present  an  opposing  opinion,  cl.irify  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  RESPiR.vroRV  Care  or  about  other  pertinent  topics. 
Tables.  Figures,  and  References  may  be  included.  The  letter  should 
be  marked  "For  Publication." 


Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
impmved  methcxJ  of  management  or  treatment.  A  ca.se-managing  physi- 
ci;ui  must  either  be  ;ui  author  or  furnish  a  letter  appn>\  ing  the  manuscript. 
Must  include:  Title  Page.  .Abstract.  Key  Words.  Introduction.  Ca.se 
Summary.  Discu.ssion.  and  References.  May  also  include:  Tables.  Fig- 
ures (if  so.  must  include  Figure  Legends),  and  Acknowledgments. 

I'oint-ol'-N  lew:  .X  paper  expressing  personal  but  substantiated  opinions 
on  a  |X"ruiicnt  topic.  Must  include:  Title  Page.  Text,  and  Reterences.  May 
also  include:  Tables  and  Figures  (if  so.  must  include  Figure  Legends). 

Drug  Capsule:  A  miniaturv  review  paper  about  a  drug  or  cla.ss  of  drugs. 
Drug  Capsules  address  pharmacology,  pharmacokinetics,  and/or  phar- 
macotherapy. 

Graphics  Comer:  A  brief,  instructiv  c  ca.se  report  discussing  and  illus- 
trating waveforms  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

PFT  Comer:  .A  brief,  instructive  case  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

Test  \'our  Radiologic  Skill:  A  brief,  instructive  case  repon  pertinent 
to  respiratory  care  and  in\ol\ing  imaging,  including  one  or  more  radicv 
graphs  or  otlner  images  submitted  as  black  ;md  w  bite  glossy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions.  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  number  the  pages.  Do  noi  include  author 
n;imes.  author  institutional  affiliations,  or  allusions  to  institutional  atTil- 
iations  ;in\vv here  except  on  the  title  page.  On  the  .Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  tbilow  - 
ing  on  a  new  page:  Title  Page.  Abstract.  Text.  Acknowledgments.  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  acti\e  \oice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction.  Methods.  Patients.  Equipment. 
Statistical  .Analysis.  Results.  Discussion).  Center  the  main  section  head- 
ings and  place  second-level  headings  on  the  left  margin. 

Ab.stract.  Please  ensure  that  tlie  abstract  diK's  not  contain  any  facts 
or  conclusions  that  do  not  also  appear  in  the  body  text.  Limit  the  abstract 

to  no  more  than  250  words. 

Key  Words.  Include  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  .Articles.  Review s.  Oveniews.  Special  .Articles,  and  Case 
Rcpoils.  Key  words  ;ire  best  selected  from  the  Medical  Subject  Head- 
ings ( MeSH )  used  by  MEDLINE  and  a\  ailable  at  lmp:/A\MM:iiliiuiili/ 
go\/nicsli/Mbnn\si'i:litml. 
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Rflercnces.  Assign  reference  numbers  in  the  order  tiiat  articles  are 
cited  in  your  manuscript.  At  the  end  of  the  manuscript,  list  the  cited 
works  in  numerical  order.  Abbre\iate  journal  names  as  in  liuhw  Mctli- 
ais.  List  all  authors.  If  the  research  has  not  yet  been  accepted  lor  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
.Smith  KR.  personal  communication,  2001 );  however,  you  must  obtain 
nritlcii  f'cniiis\iiin  from  ihc  tiiilhor  to  cite  his  or  her  unpuiiUsltcd  data. 
Do  not  number  such  reterences;  instead,  m;ike  p;irenthetical  ret'crcncc 
in  the  body  text  of  your  manuscript.  Example:  "Recently.  Jones  et  al 
found  this  treatment  effective  in  4.'i  of  S.'^  palicnls  (.lones  HI.  personal 
communication,  2()()())." 


Corporate  author  book: 

American  Medical  Association  Department  ol  Drugs.  AMA 
drug  evaluations,  .^rd  ed,  Littleton  CO:  Publishing  Sciences 
Group;  1977, 

Chapter  in  book  with  editor(s): 

Isono  S  Upper  airway  muscle  function  during  sleep.  In:  I.ough- 
lin  GM,  Carroll  JL.  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  and 
Disease.  Vol  147.  Claude  Lenfant.  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker;  2000:261-291. 


Ihe  following  examples  show  Rksimka  lORV  Cark's  style 
for  references. 

Paper  accepted  but  not  yet  published: 

Hess  D,  New  therapies  for  asthma,  Respir  Care  (year,  in  press). 

Article  in  a  journal  carrying  pagination  throughout  the  volume: 
Legere  BM.  Kavuru  MS,     Pulmonary  function  in  obesity, 
Respir  Care  2000:45(8):967-968. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARC  Times  1999;23(Oct):  16.  17, 19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline,  Removal  of  the  endotracheal  tube.  Respir  Care 
1999:44(1  ):85-90. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  information  sufficient  to  allow  retrieval.) 
Barnes  PJ,  Endogenous  inhibitory  mechanisms  in  asthma.    Am 
J  Respir  Crit  Care  Med  2000:  161(3  Pt  2):SI76-S181. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited,) 

Volsko  TA,  De  Fiore  J.  Chatbum  RL,  Acapella  vs  flutter:  per- 
formance comparison  (abstract).  Respir  Care  2000;4.'i(8):991, 

Editorial  in  a  journal: 

Giordano  SP,  What's  that  sound?  (editorial)  Respir  Care 
20(J0;45(10):1 167-1 168. 

Editorial  w  ith  no  author  given: 

The  perils  of  paediatric  research  (editorial).  Lancet 
I999;353(9I54):685, 

Letter  in  journal: 

Piper  SD.  Testing  conditions  for  nebulizers  (letter).  Respir  Care 
2000;45(8):97l. 


World  Wide  Web 

American  Lung  Association,  Trends  in  pneumonia,  influenza,  and 

acute  respiratory  conditions  mortiility  ;ind  morbidity.  Febmary ,  2(XX). 
http://www.lungusa.org/data.  Accessed  November  20.  2()(X), 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
of  the  table  define  and/or  explain  all  abbreviations  and  symbids  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *.  t.  %.  §.  II.  1.  **.  tt.  If 
data  include  a  "±"  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  cleariy  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  1,  Figure  2.  etc.  All  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  al  the  end  of  the  manuscript  (after  the  References 
section),  in  the  same  computer  file  as  the  manuscript  ( not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identify  all  drugs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  afier  generic 
names. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content,) 

Cairo  JM,  Pilbeam  SP.  Mosby's  respiratory  care  equipment,  6lh 

ed,  St  Louis:  Mosby;  1999:76-85, 


Commercial  I'roducts.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name  and  location.  Example:  "We  perfoniied  spirometry  (  WA5  Sys- 
tem, Medical  Graphics.  Minneapolis.  Minnesota)."  Provide  model 
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luimbers  if  available,  aikl  inaiuilai-'liiaT's  siiggcslcd  price  if  the  MiiiK 
has  cosi  itnplit.'alii)iis. 

Permissions:  \o\.\  niiisl  iiblain  \s  ritlcn  permission  to  use  pictures 
of  identifiable  individuals  or  to  name  individuals  in  the  Acknowl- 
edgments section.  \ou  must  obtain  written  permission  from  the 
oritiinai  copyright  hoUler  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  be  on  file  at 
Respirators  C aki  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
ongHially  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader;  the  facts  them- 
selves ;in.'  not  copyright-prolectable.  Therefore,  permission  is  rcquiivd 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations, 
from  a  journal  or  book,  but  permission  is  not  required  if  data  are 
extracted  and  presented  in  a  new  foniiat.  In  that  case,  cite  the  source 
of  the  data  as  in  the  following  example:  "Adapted  from  Reference 
23." 


abbreviation  only  if  the  term  occurs  4  or  more  limes  in  the  paper. 
Parenthetically  define  d// abbreviations:  write  out  the  full  term  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
F,.\aniple:  chronic  obstructive  pulmonary  disease  (COF'D).  There- 
after use  only  the  abbreviation.  Standard  units  of  measurement  and 
scientific  terms  can  be  abbreviated  without  explanation  (eg,  L/min, 
mm  Hg.  pH.Oi). 

Please  use  the  following  forms:  cm  HiO  (not cmH20).  f  (not  bpm). 
I.  (not  1),  I7min  (not  I.PM.  l/min.  or  Ipm).  ml.  (not  ml),  mm  Hg(not 
mmllg).  pH  mot  f^h  or  PH).  p  >  ().(X)I  (not  p><).(X)l ).  s  (not  sec).  Spo: 
(arterial  oxygen  saturation  measured  via  pulse-oximetry). 

Prior  aiul  Duplicate  I'uhlication  In  general,  do  not  submit  work  that 

has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Kdilor  may  consider  such  material  if  the  original  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submitting 
such  work. 


Ethics.  When  reporting  experimeiiis  on  liuinan  subjects,  indicate  that 
procedures  were  conducted  in  accordance  w  ith  the  ethical  standards 
of  the  World  Medical  A.ssociatUm  Dcchinniim  of  Helsinki  (■>cc  Rcspir 
Care  1997;42(6):635-636:  also  available  at  http://www.wma.nei/e/ 
l7-c_eparagraphiuimheriiii;.html)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients"  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  was  followed. 

.Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  p  \  alues  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  "±" 
\  alue.  please  indicate  w  lietlier  the  value  is  a  standard  deviation  or  stan- 
dard error  of  the  mean. 

Units  of  Measurement  Express  all  measurements  in  SI  {Systeme  Inier- 
nalionale)  units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6):640  and  also  available  at  htlp./Avuw.rcjoiinial.eom/ 
author_gitide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 

millimeters  of  mercury  (mm  Hg). 

Conflict  ot  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  w  hose  product  is  addressed  in  the  manuscript  or  \\  ith  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict  of 
interest. 

.Abbreviations  and  Symbols,  Use  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  l997:42(6):637-642  (also  available 
at  hiip:/A\n\\.rcjoiirnal.coiii/aiilhor_gi<ide/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  the  abstract.  I'se  an 


.Authorship.  All  persons  listed  as  authors  must  have  participated  in 
ihc  reported  work  and  in  the  shaping  of  the  manuscript,  all  must  have 
proofread  the  submitted  manuscript,  and  all  should  be  able  to  pub- 
licly tliscuss  luid  defend  tlie  paper's  content.  A  paper  of  corporate  author- 
ship must  specify  the  key  persons  responsible  for  the  article.  Attri- 
bution of  authorship  is  not  based  solely  on  solicitation  of  funding, 
collection  or  analysis  of  data,  provision  of  advice,  or  similar  sen  ices. 
Persons  who  pro\  ide  such  ancillary  serv ices  may  be  recogni/.ed  in  an 
Acknow ledgments  section,  but  wridcn  pcnnission  is  required  from 
the  persons  acknowledged. 

Reviewers:  Please  supply  the  names,  creilentials.  affiliations,  address- 
es, and  phone/lax  numbers  tif  3  professionals  w  horn  y  im  consider  expert 
on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to  one  or 
more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  3  printed  copies  and  one  (3..'i-inch)  computer  diskette.  The 
printed  copies  should  each  include  photocopies  of  all  of  the  Figures. 
Tables,  and  .Appendixes.  On  the  diskette,  the  manuscript  should  be 
in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However,  do 
not  create  scanned  versions  offii;iires  h mowed  from  other  pithlications: 
clear  photocopies  are  preferable.  Include  the  completed  Cover  Let- 
ter and  Checklist  (see  next  page)  and  pemiission  letters.  Mail  to  Res- 
piratory Care.  6(X)  Ninth  Avenue.  Suite  702.  Seattle  WA  98104. 
Do  not  fax  manuscripts.  Receipt  will  be  acknowledged. 

Rp:spirat()rv  Care 
Editorial  Onicc: 

600  Ninth  Avenue.  .Suite  702 
Seattle  W  A  98 104 

(206)  22.3-0.S5S  (voice) 

(20(1)  223-0563  (fax) 

iciournal(S)aarc.org 
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Cover  Letter  &  Checklist 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper; 

Publication  Category: 


Corresponding  Author: Phone: FAX: 

Mailing  Address: . 

Reprints:      □  Yes     □  No  E-mail  Address: 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


'First  Author: 


Author  Signature/Date _ 


'Second  Author: 


•Third  Author: 


Author  Signature/Date. 


Author  Signature/Date. 


'Fourth  Author: 


Author  Signature/Date, 


Has  this  research  been  presented  in  any  public  forum?        □  Yes     □  No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  any  awards?         □  Yes     □  No 
If  yes,  please  describe. 


Has  this  research  received  any  grants  or  other  support,  financial  or  matenal?       □  Yes     G  No 
If  yes,  please  describe. 


Do  any  of  the  authors  of  this  manuscnpt  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        ^  Yes     ^  No 


If  yes,  please  describe. 


Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

Is  double-spacing  used  throughout  entire  manuscript? 

Are  all  pages  numbered  in  upper-right  corners? 

Are  all  references,  figures,  and  tables  cited  in  the  text? 

Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

Have  SI  values  been  provided? 

Has  all  arithmetic  been  checked? 

Have  generic  names  of  drugs  been  provided? 

Have  necessary  written  permissions  been  provided? 

Have  authors'  names  been  omitted  from  text  and  figure  labels? 

Have  copies  of  'in  press'  references  been  provided? 

Has  the  manuscript  been  proofread  by  all  the  authors? 

Have  the  manufacturers  and  their  locations  been  provided  for  all  devices  and  equipment  used? 
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News  releases  tiboul  new  pnHJucis  and  scn'iccs  will  be  considered  forpiiblicalinn  in  this  scclidn 

There  is  no  charge  ti>r  ihcsc  lisiinps.  Scntl  dcscriplive  rcleasc  and  glnssy  black,  and  white  phulugraphs 

lo  RtSPIRATORY  Care.  New  Products  &  Scr\iccs  Depl.  I  lO.V)  Abies  l^ine.  Dallas  IX  1^22^>■4y)^ 

The  Reader  Ser\'ice  Card  can  be  round  at  the  hack  ot  the  Journal. 


New  Products 
&  Services 


f 

H 

II  . 

1  \ 

1 

.#* 

Graphics  Monitor.  Pulmonetic  Sys- 
tems inlroduces  the  LTM  Graphics 
Monitor  for  its  LTV  series  ventilators. 
According  to  Pulmonetic,  the  new 
monitor  has  u  touch  screen  and  shows 
controls,  graphics,  patient  data,  and 
messages  on  a  color  LCD  display  win- 
dow. The  company  says  monitor  con- 
figurations can  be  customized  using 
the  Set  Up  feature  and  that  other  fea- 
tures include  auto  or  manual  scrolling, 
screen  freeze,  print  functions,  histori- 
cal event  log,  patient  information,  date 
and  time,  and  reference  breaths  and 
loops.  For  more  information  from  Pul- 
monetic Systems,  circle  number  174 
on  the  reader  service  card  in  this  issue. 
or  send  your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 


ing  7oz.  The  manufacturer  says  it  will 
perform  full  loop  FVC.  SVC  and  MVV 
tests,  and  make  pre-  and  post-meilicalion 
comparisons.  According  to  Puluremed. 
the  SpiroBank  has  an  easy-to-read  LCD 
display  that  shows  results,  including  per- 
centiles and  interpretations.  Lull  page  re- 
ports can  be  generated  by  connecting 
SpiroBank  directly  to  most  printers,  re- 
ports the  company.  Fuluremed  says  that 
the  SpiroBank  uses  a  standard  9  \olt  bat- 
tery and  meets  the  latest  spirometry  stan- 
dards. For  more  information  from  Fu- 
turemed  America  Inc,  circle  number  175 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online"  at  hltp://w  ww.aarc.org/ 
buyers_guide/ 

CPAP  Systems.  Respironics  introduces 
the  REMstar  Pro  CPAP  System  with  Inte- 
grated Humidification  and  Encore  Smart- 
Card.  The  company  says  that  the  REM- 
star Pro  enables  the  user  to  cost-etfective- 
ly  monitor  patient  outcomes  and  improve 
compliance.  The  Encore  SmartCard  en- 
ables the  REMstar  Pro  to  easily  record 
compliance  and  quality-of-life  data  with  a 
simple  mail-in  card,  according  to  the 
manufacturer's  product  literature.  For 
more  information  from  Respironics.  cir- 


cle number  176  on  the  reader  service  card 
in  this  issue,  or  send  your  request  elec- 
tronically  via  "Advertisers  Online"  at 

htlp://w  w  w. aarc.org/buvcrs  guide/ 


Cart  Catalog.  Armstrong  Medical  Indus- 
tries introduces  their  2001  Cart  Catalog. 
The  catalog  features  crash  carts,  pediatric 
emergency  carts,  anesthesia  carts,  medi- 
cation carts,  specialty  carts,  and  utility 
carts,  along  with  hundreds  of  accessories 
so  that  users  can  customize  their  carts  to 
their  exact  needs,  according  to  the  com- 
pany. For  more  information  from  .Ann- 
strong  Medical  Industries,  circle  number 
177  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarc.ort;/buvers_"uide/ 
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For  46  years  the  AARC's  International  Respiratory  Congress  has  been 
the  gold  standard  of  respiratory  care  education  and  trade.  For  46  years 
the  AARC's  International  Respiratory  Congress  has  delivered  the 
highest  quality  programs  with  information  that  really  matters.  For  46 
years  the  /VARC  has  plowed  its  resources  back  into  the  profession, 
expanding  the  practice  and  influence  of  respiratory  therapy  in  the  health 
care  system.  Don't  miss  out  on  the  largest  and  most  comprehensive 
respiratory  care  meeting  in  the  world,  coming  in  2001  to  one  of  the 
most  exciting  cities  in  the  US — San  Antonio.  For  additional  information, 
please  call  (972)  243-2272,  or  email  clay@aarc.org. 
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Nol-for-profil  organi/alions  arc  olTcrctl  a  free  advertisement  of  up  to  eiyhl  lines  to  appear,  on  a  space-available 

basis,  in  Calendar  of  Events  in  Ri:spiRAT<)RV  CaRI:  Ads  for  other  mceiintis  are  priced  M  S5,5()  per  line  and  require 

an  insertion  order.  Deadline  is  the  2{)th  of  the  month  two  months  preceding  the  int)nth  in  which  you  wish  the  ad  lo  run. 

Submit  copy  and  insertion  orders  to  Calendar  of  Hvents,  Rr.SPIRATORV  CARIi.  1  1030  Abies  Lane.  Dallas  TX  7522tJ-4593. 


Calendar 
of  Events 


Date 


AARC  &  State  Society  Programs 


Contact 


Sept.  1 0-1 2  Hawaii  Society  for  Respiratory  Care's  28th 

Annual  State  Respiratory  Conference; 
Wajkiki  Beach,  HI 


Feb.  6-8,  2002 


Trace  Ono  at  (808)  547-4241 
or  tracemaz@compuserve.com; 
www.rcphawaii.org 


Sept.  1 1 

Professor's  Rounds  2001  Teleconference, 
Program  6 

AARC,  (972)  243-2272 

Sept.  12- 

-14 

Alabama  Society  for  Respiratory  Care's 
Annual  Meeting;  Birmingham,  AL 

Bill  Pruitt,  (334)  434-3405. 
wpruitt@jaguar1  .usouthal.edu 

Sept.  13- 

-14 

28th  Annual  Seminar  in  Pulmonary  Medicine 
and  Sleep  Disorders;  Pittsburgh,  PA 

Pennsylvania  Society  for  Respiratory 
Care;  (412)247-2603 

Sept.  25 

Professor's  Rounds  2001  Live 
Videoconference,  Program  7 

AARC,  (972)  243-2272 

Sept.  26- 

-27 

MSRC  Annual  Meeting;  Sturbrldge,  MA 

02val@aol.com 

Valeri-Ann  Bolduc,  (508)  429-7478, 

Oct.  16 

Professor's  Rounds  2001  Teleconference, 
Program  7 

AARC,  (972)  243-2272 

Oct.  23 

Professor's  Rounds  2001  Live 
Videoconference,  Program  8 

AARC,  (972)  243-2272 

Oct.  25-26 

New  Jersey  Society  for  Respiratory  Care's 
2001  Shore  Conference;  Atlantic  City,  NJ 

Maura  McGovern  at  (973)  537-3919  or 

mmcgovern@saintclares.org; 

www.njsrc.org 

Nov.  20 

Professor's  Rounds  2001  Teleconference, 
Program  8 

AARC,  (972)  243-2272 

Dec.  1-4 

47th  International  Respiratory  Congress; 
San  Antonio,  TX 

AARC,  (972)  243-2272,  www.aarc.org 

West  Virginia  Society  for  Respiratory  Care's 
Winter  Meeting;  Davis,  WV 


Jay  Wildt  at  (304)  442-7474  or 
jay.wildt@mghwv.org;  or  Anna  Parkman  at 
(304)  357-4837  or  AParkman@ucwv.edu. 


Date 


Other  Meetings 


Contact 


Oct.  9-11 


Cardiorespiratory  Diagnostics  2001 ; 
Las  Vegas,  NV 


Medical  Graphics  Corporation,  Marl  Orke, 
(800)  950-5597,  ext.  444, 
www.medgraph.com 


Oct.  12 


Nov.  1-2 


3rd  Annual  Rainbow  Babies  &  Children's 
Pediatric/Neonatal  Respiratory  Conference; 
Independence,  OH 


Nancy  Johnson  at  (216)  844-1954 


13th  Annual  Conference  on  High-Frequency 
Ventilation  and  Other  Advances  in  Perinatal/ 
Neonatal  Care;  Tempe,  AZ 


St.  Joseph's  Hospital  and  Medical  Center, 
Cathy  Martinez,  (602)  406-3512, 
fax  (602)  406-4123 


March  20-23,  2002    21  st  Annual  Big  Sky  Pulmonary  &  Critical  Care 
Medicine  Conference:  Big  Sky,  MT 


American  Lung  Association  of  the  Northern 
Rockies,  (406)  442-6556,  ala-nr@ala-nr.org 
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Notices  of  coinpc(iti(in\.  skhul.irships.  Icllou  ships,  cxanniutiori  dales,  nc\^  educalumal  programs. 

und  ihe  like  will  be  listed  here  free  ol  charge.  Items  tor  the  Notices  section  must  rcuch  the  Journal  6(i  day& 

beloa*  the  desired  inunih  ot  puhlicaiion  (January  I  for  the  March  issue.  f-ehruar>  I  for  the  Apnl  issue,  etc).  Include  all 

[vninent  intonnation  and  mail  notices  to  RLSI'IRATORY  CaRF.  Notices  I)cpt.  1 10.^(1  Ahlcs  luine.  Dallas  TX  75229-4593. 


ScAcdulceL  Pity^cA^to^i'a^ 
l^auKdd  200t 

I*R)grdni  #6  Ne\\  Respiraton  Drugs: 
What,  When,  and  How — ^Joseph  L  Ran 
PhD  RRT  FAARC;  Host  Pauick  J  Dunne 
MEd  RRT  FAARC— Video  August  14 
Audio  September  1 1 

Program  #7  Invasive  Ventilation:  The 

Latest  Word— Richard  H  Kallet  MS  RRT; 
Host  Richard  D  Branson  BA  RRT 
FAARC— Video  September  25  Audio 
October  1 6 

Program  #8  Test  Your  Lungs-Know  Your 
Nmnbers-Prev  ent  Emphysema — ^Thomas 

L  Petty  MD  FAARC;  Host  David  J  Pierson 
MD  FAARC— Video  October  23  Audio 
November  20 


/ 


^         AARC's 

Irternatieral 
RESPIRATORY 
CONGRESS 

l\ 

December  1-4,  2001 
San  Antonio,  Texas 

Don't  Confuse  the  AARC  International 
Congress  with  Other  Meetings  — 

Th/s  is  the  Only  Official 
Congress  of  the  AARC. 


Helpful  meb.Sites 

American  Association  lor  Respirator)'  Care 

htfp://www. aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

li  1 1  p :  /  /  www .  11  b  re .  t)  rg 

RESPIRATORY  CARE  online 

http://ww\v.  rciournal.com 

—  Subject  and  .'\uthor  Indexes 

—  Contact  the  editorial  staff 

—  Open  FORUM;  submit  your  abstract  online 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://www.coarc.com 


The  National  Hoard  tor  Respiratory  Care — 
Examination  Fees  for  2001 


Examinat 

ion 

Examination  Fees 

CRT 

$190  (new  applicant) 
SI 30  (reapplicaiiu 

erinatal/Ped 

iatric 

$250  (new  applicant) 
$220(reapplicant) 

CPFT 

$200  (new  applicant) 
S170(rc'applicant) 

RPFT 

$250  (new  applicant) 
$220  (reapplicant) 

RRT  SI 90  (new)  SI 50  (reapplicant)  written  only 

(Wriltcii  S2()0  (new  and  reapplicant)  CSE  onK 

&  CSE)  $390  (new)  $350  (reapplicant)  both' 

For  infomiation  about  other  services  or  fees,  write  to  the 

National  Board  for  Rcspiralon  Care. 

83 10  Nienian  Road.  Lenexa  KS  66'2 14,  or  call 

(913)  599-4200.  FAX  (913)  .S4 1-0 1 56. 

or  e-mail:  nbrc-infoCn  nbrcorc 
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Drager  Medical,  a  leader  in  innovative  development  for  ventilator  systems,  presents  its  family  of  ventilator 
products.  We  offer  a  wide  range  of  ventilators  from  adult  and  neonatal  to  transport  and  subacute.  All  of 
our  products  are  made  to  perform  at  the  highest  technological  levels  and  are  continuously  setting  the 
standard  for  the  respiratory  market.  Our  Evita  series  ventilators  have  just  introduced  a  new  software 
level  (SW  4.0)  which  delivers  the  latest  advancements  in  mechanical  ventilation.  Drager  Medical  is  also 
introducing  a  brand  new  subacute  ventilator,  the  Savina" .  The  Savina  will  offer  Drager's  unique  open 
breathing  system,  bringing  a  new  performance  level  and  functionality  that  is  found  only  in  the  advanced 
ventilator  systems. 
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Until  now,  providing  aerosolized  medications  to  mechanically  ventilated 
patients  meant  removing  the  HME/HCH  -  a  procedure  that  can  increase  the 
risk  of  alveolar  derecruitment,  drying  of  aiimy  secretions,  and  contamination 
to  both  patients  and  clinicians. 

Now  you  can  reduce  these  risks  with  new  CircuVent  —  the  breakthrough 
device  that  lets  you  provide  aerosol  without  breaking  the  circuit! 

You'll  improve  patient  safety  and  comfort,  save  time,  and  reduce  costs 
associated  with  repeated  HME/HCH  removal  and  replacement. 

For  more  information,  call  DHD  Healthcare  toll-free  today:  1-800-847-8000. 
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